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PROGRAM |A - COMPUTATION OF DOWNWASH DUE TO TRAILING WAKE

This program computes the downwash at the rotor blade using Equation 15 of
Ref. 1.¥ In this program the symbol, V], is used for wy of Ref. 1 and x for )7
The chord variation, x, of Ref. 1 is here assumed to be zero. The computational
techniques involved in the solution of this equation by numerical methods are chiefly
those of integration and harmonic analysis. |t was decided to perform the numerical
integration by Simpson's rule (an approximation of the curve by a series of second degree
parabolas) since this method seemed most appropriate to the nature of the function. Ex-

pressed symbolically, this means that given a function, y = f (x), then

n-l n-2
Ax
f}'dxz?[yo+yn+4z YI+ZZ yi]

where Y= f(a) and Yo = f(b), i = odd integer, | = even integer

For ease in programming, a sepdrate subroutine was written to perform the harmonic

analysis. This was done as follows:

Let g(x) represent the function to be analyzed,
then g(x) =a_+ ;E:,' (ak cos k x + bk sin k x) where the a,
° k=1

and bk are defined in the following relations:

Q+2n
a°=2]—' j (), d

Q
Q+2n
ok=-']? j gx) cos k x dx
Q
Q+2n
bk=-:-j g{x) sin k x dx (k #0)

Q

* R. H. Miller. "Theoretical Determination of Rotor Blade Harmonic Af rloads. "

M. 1. T. ASRL TR 107-2, 1964.



This analysis is, of course, applicable only for a range of 2r (@ — Q+2n). The inte-

gration again was performed using Simpson's rule.

The programs are written in Fortran |l and should be operable at any I1BM 709 or
7090 installation with one exception. The Massachusetts Institute of Technology Compu-
tation Center at which these programs were developed assigns logical tape numbers to

physical tapes as follows:

Physical Logical

input

output for printing

oo
W N O v O N S —

output for punching

Interval sizes of 7. 5° for ZZ and 7.5% and 2. 5° for}% used with an m of 3 and
QT of - -'z'- have produced results of sufficient accuracy for the present purposes.

CAUTION: Care must be taken in selecting interval sizes so that an odd number of points

is tn be used in each integration.

The Function V, (y,x) - Trailing Wake

- J*Zﬂm+}{‘,+ ( _[l[£+dcosfp‘xcos(K P) +using | ‘pxsunw}d¢
}ﬂh' K ¢ d2 z '2xQCOS(¥/‘¢)+2d(fcos¢-x COS’,L')] 3/2



where K‘ = Kc cos n¢ + Ks sin n;ﬁ

d=p[(21rm+]/f+ Y) —¢]
z= 2[(2ﬂm+y+y) -ﬁ](l.0+occ's¢) -bo(/(-x)

This program computes the vcﬁlue of the function for K = Ks == | for each £ - x pair used at from

one to four values of y for a given number of values of }[f A value of zero is assumed

to be among the y's read into the comnuter for each £ -x pair, so that if only one value

of y is to be used that y must be zero. The integration for the y=0 case only is split

into two sections and integration performed between limits of }V+ y—>2nm+ ‘}V'f y + QT
and 2nwm + }l/'+ y + QT — 2nm+ 3{/+ Y- The results of the latter integration are
termed ZAPSI (za(}k)) for the cos component and ZBPS! (zb(}ﬁ)) for the sin component.

The results of integration for the first section and the results of integration for any other

y's are termed YiPSI(i=1,2,3,4,5,6,7,8). The odd integers are assigned to the cos
components and the even integers to the sin components. The i's will correspond to the

y's in the order in which the y's were read into the computer, i.e., YIPSI and Y2PS| will

be assigned to the results for the first y read Into the computer.

Next the YiPS| terms are summed at each}[f . The sum for the cos components s
called CHI (X) and the sum for the sin components is called SIGMA (). Harmonic
analysis is then performed on each of the four functions, X , O, Za(],)’ and zb(W)~

The time required to obtain results from the IBM 7090 computer for one £-x
combination with 3 y's, m = 3 and interval sizes of 7.5, 7. 5° and 2.5% is approximately

two minutes.
Subroutines required with this program will be described in the following pages.

The listing of the program in Fortran Il " igether with the subroutines is given in

Appendix A,

Typical results are listed in Appendix B.



Physi cal Explanation of Symbols

YW

Y =2

rotor ozimuth measured from blade downwind position
blade spacing (cf. 3 )

m <= number of wake spirals

V](y{" Y Y (yﬁ‘ )

~

!

a » <«

Coon Rty

o N
o) a

rotor span parameter
azimuth of woke measured from downwind position
rotor span parameter (7 of Ref. 1)
harmonic of rotor speed
advance ratio
A
Ao

vertical distance travelled by rota hub

horizontal distance travelled by rotor hub

coning angle



Ingut Format

Card No. 1 L KL NP 1
12 i2 12 12
Card No. 1A BO (FORMAT ES8. 3)
Card No. 2 EMU AMBDA EM  DEPSI
E8.3 ES8.3 £E8.3 E13.8
Card No. 3 A IK
E8.3 12
Card No. 4 ELK IL
E8.3 12
Card No. 5 EN IM
E8.3 12
Card No. 6 X IN
E8.3 12
Card No. 7 GAMMA

E13.8

MM
12

DELPHI
E13.8

NN
12

DELTA
E13.8

K
13

QT
E13.8

1J
12



Explanation of Symbols

L
KL
NP

I
MM
NN
QT

BO
EMU
AMBDA
EM
DEPSI
DELPHI
DELTA

K
1J

ELK
IL

EN

GAMMA

. interval size used for

number of harmonics to be computed in the Fourier analysis
+1—> print optional table No. 2, -1 — suppress this print out

interval at which table No. 2 is printed (i.e., +1 will cause printout of
integral at every ¥ used, +2 at every other ¥~ etc.)

number of times card No., 2 is to be repeated
+1 =2 print optional table No. 1, -1 — suppress this print out
interval at which table No. 1 is printed (see NP)

determines limits of integration for y = 0 case (i.e., QT = -2 will cause
integration from Y~ +y to Y+y+ 2nm - n/2 and from 3[{+ y+2mm -n/2
to Pyt 27 m)

o
H

A

m
interval size used for }k
[iny =0 case, in region P+ 7-9%“#7 +2n m+ QT]

interval size used for ¢ for y = 0 case in region %’4- y+t2mrm+ QT to
Y+y+2mm
number of points of }V to be used in harmonic analysis

number of values of a to follow

a

number of values of £ to follow

?

number of values of n to follow

n

number of values of x to follow

X

number of values of y 1o follow

4 6



Output Format

MU = LAMBDA = M = N= L= A=
DELTA PSI = DELTA PHI (1) = DELTA PHI (2) =

CHI
A - ZERO =
A-k= B -k=

l l

SIGMA
A - ZERO =
A-k= B- k=

ZAPS|
A - ZERO =
A-k= B

ZBPS|
A - ZERO =
A-ks= B-k=

L

[(-)pfionol Table No. ﬂ

CHI SIGMA PSI ZAPSI ZBPSI
/| l l l
[Optional Table No. g
PSI Y1PSI Y2PS| Y3PSI Y4PS| etc

l l | | l



DELTA PHI (1) = DELPHI [ see explanation of symbols (input) |
DELTA PHI(2) = DELTA

A - ZERO = constant term resulting from Fourier analysis
A -k =z coefficients of the cos k ¥~ terms resulting from the Fourier analysis

B -k = coefficients of the sin k "b’ terms resulting from the Fourier analysis



Subroutine Harnal (PS!I, FPSI)

This subroutine performs the actual harmonic analysis as previously described.

Information is transmitted to and from this subroutine by means of a common state-

ment.

COMMON PSI, FPSI, |, L, K, DEPSI, AQUAY, BQUAY, A-ZERO

where PSI - voriable
FPSI - a function of PSI

| - an indicator to show type of function so that excess computation is
avolded, i.e., +1 = an even function, +2 — an odd function,
+3 = function is neither even nor odd. This is automatically set in

( MAIN)
L - number of harmonics to be computed ' (maximum = 20)
K - number of values of PSI| to be used, must be an odd Integer > 3
DEPSI - interval size used for y/
AQUAY - output - the coefficients a—k of the cos k - terms
BQUAY - output - the coefficients bk of the sin k - terms
A-ZERO - output - the constant term

It is assumed that the table of y/ will describe a range of 2x if the fu..cilon is neither even

nor odd and otherwise a range of .



Subroutine Prince (L, AQUAY, BQUAY, A ZERO)

This subroutine prints out the results of the harmonic analysis in the following form:

A-ZERO = ( «— constant term)

A-1= B-1-=

A-2= B-2=

A-L= B-L=

(coefficients of cos k 71 terms) (coefficients of sin k}/f terms)

An optional version also punches these results.

10



Subroutine TRIP (CHI, SIGMA, PSI, ZAPSI, ZBPSI, NN, K)

This subroutine prints optional table No. 1.

Subroutine PRICK (NP)

Information is transmitted to this subroutine via COMMON. It is used to print op -
tional table No. 2. The subroutine must conform to the number of y's used in MAIN. If
3 y's are used PRICK must output PSI and YiPSI (i = 1 to 6). The present version is written

fcr three y's, hence some modification will be necessary if a different number of y's is to

be used.

11



Sample Data for Program |A

Card No. 1 1041+ 1+2+1+1-,15707963 E + 1

Card No. 18 4. 069 E+O

Card No. 2 +.100E+0+ .500E-1+_.300E+ 1+ .13089969 E + 0 + .13089949 t
+0+.43633233E - 1+49 + 1

Card No. 3 +.500E+0+1

Card No. 4 + 100 E+ 1+

Card No. 5 +.300E+1+1

Card No. 6 + .550E+0+3

Card No. 7 +.00000000 E+0

Card No. 8  +.20943950 E + |

Card No. 9 + .4:887901 E + 1

Card No. 10 + . 100 E+0+.200E -1+ .300E+ 1+ .13089969 E + 0 + .13089969 E
+ 0+ .43633233 E -1+ 49 + ]

Card No. 11+ .,000E +0 + 1
Card No. 12 +.100E +0+ 1
Card No. 13 +.000E +0 + ]
Card No. 14 + . 975E+0+3
Card No. 15 + .0000 0000 E + 0
Card No. 16 + .20943950 E + 1
Card No. 17 + .41887901 E + 1

Note that the data block (cards No. 3 9 ) following card No. 2 must be repeated

(cards No. 1117 ) even though some of the parameters are unchanged.

12



PROGRAM 1B - COMPUTATION OF DOWNWASH DUE TO SHED WAKE

This program computes the downwash at the rotor blade using Equation 21 of
Ref. 1 with the symbol, V,, substituted for w, and x for ¥ as before.

t+y+2mm

= x sin W¢ + d sin
V;} o K2(¢)[z + xs:n%%)*ds:?fg) ]

[ +dcos¢-xcos(}/f-é) ) dcoj-xcos(#’jé
¢

I e g 2x€cos(#f'¢) v 2d(£¢°‘¢' "COS#’) ” 2#12+d -2xd cosyf

d=p[(2nm+1)tf+7) -¢]
z=ﬂ[(2nm# +7)-¢]
2(¢) S N C® n + Kgsin "¢ (K_ond K are set to 1.0)

This program evaluates the integral in two steps. For the first step (from "l,l/ fy —
2nm+ 3[( +y + QT) integration is performed by Simpson's rule using K as defined above.
The results of this integration are labelled S1PSI for the cos component and S2PSI for the

sin component. For the second step cos n¢ and sin n¢ are expanded to

sin n(¢-¢) sin n’Lf+ cos n("ﬁ'-¢) cos n‘\.lr and
cos n (7#1 -¢) sin n sff - sinn (lﬁ -¢) cos r,l%l’ respectively.
The integration is then carried out from (Y + y + 2nm+ QT) to (3[;’ ty +2nmm)using

K = K sin n (4}' '¢) sin n +(-K ) sin n (¢’-¢) cos nl)[r. The coefficient of Kc is called
S4PSI ond the coefficient of( -K ) is called S3PSI. The value of the function at the upper

limit is approximated by setting ¢) ¢ -1/2 A 95 This guves a very good approximatior
when the interval size used in this region is on the order of 2. 5°. Harmonic analysis is then
performed on all four of these functions (S1PSI, S2PSI, S3PSI, S4PSI). This program does

not consider those terms involving cos n ('¢f - ¢).

The time required for one case on the IBM 7090 computer (one x, one £, one y) is

approximately . 5 minutes for a 7. 5° interval size and m = 3.

13



Subroutines HARNAL and PRINCE are used with this program. The program used

for Vo is listed in Appendix C with typical results in Appendix D.

Input Format

Card No. 1 L NP KL 1 QT
12 12 12 12 E13.8

Card No. 2 EMU AMBDA EM DEPSI DELPHI  DELTA

E8. 3 £8.3 EB.3 E13.8 E13.8 E13.8

Card No. 3 EN IK
E8.3 12

Card No. 4 GAMMA IL

E13.8 12
CardNo. 5 ELK  IM

E8. 3 12
Card No. 6 2

E8. 3

14

K
13

1J
12



Explanation of Symbols

NP

KL
I
QT

EMU
AMBDA
EM
DEPS|
DELPH|
DELTA
K

1J

EN
IK

GAMMA
IL

ELK

number of harmonics to be calculated

interval of printing (+ 1 — print integral for every }& used, +2 for every
other yr , etc)

-1 — print table of SiPSI, +1 — suppress *his table
number of cards No. 2 to follow

determines limits of integration (QT = - 5, will cause integration from
g g

YU+t yto+y+2nm -1n/2and from }Zr+y+21rm -n/2to2nm

+$tf+ Y)

H

A

m

interval size to be used for }/f
interval size to be used for ¢ in region }Zf+ y = 2am+ }lf +y

interval size to be used for ¢ in region 2w m +}ZF+ y+QT — Znam+ y/'+ Y
number of values of ’¢)’ to be used in the harmonic anal ysis

number of values of n to follow

n

number of values of y to follow

Y
number of values of £ to follow

{

number of values of x to follow

15



Qutput Format

MU = LAMBDA =

(nptional table)

PSI SIPSI
S1PS|

A-ZERO =

A-k= B -k=

$2PSI
A-Zero =
A-k= B-k=

S3PS|
A-ZERO =
A-k= B -k=

S4PS|
A-ZERO =
A-k= B -k=

M=

S2PS|

16

S3PSI

GA'MMA =

S4PS|

L



Sample Data for Part |, B

Card No. | 10+1 -1 +1-,15707963 € + 1

ro

+.100E+0+.500E -1+ _.300E+1+.13089969E + O + . 1308996y ¢t
+0+.43633233E -1+ 49+ 1

Card No.

+

Card No. 3 JIONE+ 1+ 2

Card No. 4 .0000 0000 E +0 + 1

+

Card No. 5 + '00E+1+1

Card No. 6 +.800E+ O

Cord No. 7+ .20943950 E + 1 + ]
Card No. 8 + . 100E+ 1 +1
Card No. 9 +.800E+0

17



PROGRAM Il. ORIGINAL STRAIGHT LINE APPROXIMATION TO WAKE

This program attempts to define the trailing wake, "w", by means of the very much

simplified expressions given below (see Ref. 1):

,:r : 2()'-7)(:055 except for § =0 (1)
2% +ly - 7 ) cos’$

where y=d cos%i&z --d2 sin 2¢j (1a)
sd=plS+ ¥ - &1 (1b)
Z=ANIS+¢- ¢l-°o<1-7> (1c)

#dsiny=jsin(¢-}&) (1d)
on (- ¥ - )= BB (g

L+psing
Values for ¢ were found by combining equations (1b) and (1d) to give an expression

of the form f(QS) =0.0. An initial guess was made for ¢ ard that guess improved
by a Newton-Raphson iteration where the improved’equolled the original,minus f(@)/

f’(¢ ). [f]( ¢ ) represents the derivative of f(*f>) with respect to ¢ ].

When § =0 Then w = 4[1:11 (‘l‘si)ns 5
-7 cos

S=ton-]( p cos}é )
l+psin%

since ¢=}L,d=2=0 y=1

This program also performs harmonic analysis of the function as summed overthe blades.

whe. 2

The function 4nRw/ "  and its harmonic coefficients are also punched out in a format

suitable for input to Program IlII.



This program was written in FORTRAN Il. It requires approximately 05 minute
on an IBM 7094 computer to handle a case of one L , one /7 , one y, and ?, and
4 f at intervals of 15° in ’)ﬂ The program was developed at the Massachusetts

Institute of Technology Computation Center in Cambridge, Massachusetts.

This program requires two subroutines:

OUD1 - to compute d ond/- V
HANEW - to perform harmonic analysis

NOTE: INPUT AND OUTPUT are taken care of by

WRITE QUTPUT TAPE 2---==-omacaua-
READ INPUT TAPE 4 ~=c-ccovcmacaca

Therefore, it may be necessary to change an IOU table to correspond.
A list of the logicalto physical tape correspondences may be found under Program
1A,

19



EXPLANATION OF SYMBOLS

= circulation

= rotor radius

= horizontal distance travelled by rotor hub

= vertical distance travelled by rotor hub

= rotor span parameter (equivalent to x in program ])
= advance ratio

= inflow normal to rotor disc

rotor azimuth

= rotor span parameter

= coning angl e

blade spacing

= angle between vortex line and a perpendicular to the blade

&m(ﬁoo ?\‘Syt\'{"‘ e o
"

= wake aziruth

20



INPUT FORMAT

Card No. 1 I IK
12 12

EMU
8.3

Card No. 2

Card No. 3 EL
E8. 3

NZ NH K DEPSI AO
12 1313 E13.8 E8. 3
AMBDA 1J

E8.3 12

ETA

E8.3

21



EXPLANATION OF SYMBOLS

I a counter to be set equal to the number of times Card No. 1 is to be repeated
IK a counte- to be set equal to the number of times Card No. Z is to be repeated
NZ the number of blades to be considered

NH the number of harmonics to be considered when performing harmon ic analysis

K the number of values of yocf which the function is to be computed, must be odd
DEPSI = the interval size to be used for ‘7"

AO =a

EMU =y

AMBDA = "\

1 = counter to be set equal to the number of times Card No. 3 is to be repeated

R {
ETA ="z

22



OUTPUT FORMAT
— BLADES MU = LAMBDA = L= ETA = DELTA PSI =

PS| TOTAL WAKE CONTRIBUTIONS FROM INDIVIDUAL BLADES

/ / J

HARMONIC ANALYSIS
A - zero =

A-i= B-i=

Here MU= LAMBDA=A , L=_¢ , ETA=7 ,psi= ¥  DELTA PSI= interval
size used in y, .

CONTRIBUTIONS FROM INDIVIDUAL BLADES - These blades will be W AL

calculated ot specific blade spacings or values
of 5 in order of increasing 5.

TOTAL WAKE - This column will be the sum of W 4R over all blades at exch )b

A - zero == constant term resulting from harmo ‘c analysis.
: - th ; . :
A-i == coefficients of the i" cosine te - sulting from harmonic analysis.

. . th . . . .
B-i = coefficients of the i sine terms resulting from harmonic analysis.

There may also be an error message.
NO CONVERGENCE AT ZETA = . This message will be printed out if there is

no convergence after repeating the iteration ten times.

In this case, the component of the trailing wake under ccnsideration is set to zero.

23



PROGRAM |11 - ROTOR LOAD ANALYSIS

1. Description of Procedure _‘_
'The nondimensionalized trailing wake, VI (w) is defined over a range of

O — 2n in the azimuth angle ¢ . Values of ¥ generally vory by 25° or 15°. For

any given configuration, "m" values of g and "m + 1 " values of £ , where £ and
77 are rotor span parameters, ore considered so that there are "m~ + m" sets of

V, (#). The members of these sets are designated as Aik (¥) where "|" refers toa
spgcific value of ” and k refers to a specific value of . Harmonic analysis with
respect to ¥ is performed on each of these sets, so that there ore also "m ;m" series of
"2n + 1" harmonic coefficients P and Q such that Aik () ~ Pc>il< + ‘g

(P. cosi?¥ + Q osin #). In the following write = up, i will always indicate

'ik ik

a harmonic, j a specific value of %, and k a specific value of /.

A. To find the load coefficients, a system of "m" equations is set up:
m

b
10. = R [(,7'6?-;(0 )(Po. -Po

| b t it it + 1

)l - tani

and the Ao are determined. These may then be compared with the " A " or
|

" A "'s used in calculating the P's and Q's. If desired an iterative process may be
set up, replacing the " A" with the Ao , until reasonoble agreement is obtained between
|

A and the range of Ao
|

¥* W +35+ 2aM

¢

24

VvV, (¢¥) = j AV *dcos¢'1cos(7-¢)+ps;n¢) _p7sin"p]d¢ ;
] |17+ d2,77+27-27!cos(?’-¢)+2ld cos¢-2‘7d cos |

?



A xic. and a >\is may also be obtained.
I

m
A =a 2. (M, 8, A, )(P P )

' t= 1 t it it
m
A= 75' Z] (7,8, -Ro Q. -Q, ])
I t = t it it+

B. The time history of downwash A i (%) is calculated in the following manner:

b .
AL - m_[e}; (7,8 = o) (A (1) A, )] bt
An alternate method [Ri (¢)=A _ + i (Aic. cos i}&’r ;\is. sini ¥) |

o.
I 3 I I

i=1
was rejected, because it did not appear to give o very accurate reconstruction, unless
some rather high harmonics were included.
C. The distributed airloads Ln (c, s) for n » 2 are calculated for each 7i as follows:
, s).

Let Yic = F. )‘ic -G. A i where i=2,3,4,5,6,7and F and G are
i ! i ' i generally, but not necessarily, constant
over i and j.

Then L;Ciz C{‘(i R4 ici * f_[ DA 1, J -Yi-l, J ]} I‘i(c,s)i for i=3,4,5,6

Lisi =C{7i Yis, « = [V, o Yy, ci]}

C is a conversion factor, depending upon the dimensions of the test

model under consideration.

25



D. The load function l.i (¥) is computed in two parts:

() L, (¥) (e usin ¥) AP

I
2

2
@)t W= cle i) T

! ) 2
v 2 pei‘?i - o, ('7| ‘(3 ‘4)p2)l sinf/ + [b] (7i2*p2 4) oo"(i] cos ¥
2 1
‘(Pbl’]i"5_OO)SEnzy‘(P°|7i'—2'"+128i)5°52%
2 2

-%— o]sinSy - -%— b]cos3y}
L (¥) = Lli(sf/) g ()

C is again a conversion factor, and a s 9y, b] are geometric parameters

(blade coning angle and first harmonic flapping).

Li (¥) is also computed with the zero-th, first, and second harmenics eliminated.

(The third harmonics in LG (¥) are considered negligible.)
[

Li(S*)=C{(7i usinf) AL (9) -7/10] -y A
R g Ag ) b @Ak, g Ag s b
| I I |
iAge = F Al Ay Vs 2f (7 Ay B A - Ay sin2 }
! | | | |
NOTE: If it is desired to do a case wheie the number of I's is not one greater than the

number of ’7, then a different procedure must be used. Suppose Program Il has beenrun

for five values of '7cmd two values of /.

—Ao /a[Po _Po | tan

i i 2
Nic. =Ll =P

| / i 12

. [ Oi = Oi ] and [i= 15
}'Si r i i2

/1\l (y)_—.f [A|]($V)-A|2(y/)i -pfoni

26



Where/o is an appropriate conversion factor. A rough approximation would be

'Q'b]{' times the average ('7i6i' A).
These " A" must then be put into the appropriate card format for input data

to Program Il C. If a small computer is available it is easy to write a simple program

to do this.

27



2. Description of Variables

Vi (¢) = non-dimensionalized trailing wake for

\s
1

azimuth angle for rotor

S = determined by blade spacing
M = number of wake spirals
,[, 77 = rotor span parameters f is the same asX in progran. |)
d, Z = horizontal and vertical distances travelled by rotor hub
" = advance ratio

azimuth angle for wake

ASN
1

3
I

number of values of 7 under consideration
n = number of harmonics taken in harmonic analysis of \/] (¥)

ic or is = indicates an ith cosine or sine harmonic resulting from harmonic analysis

[ indicates a specific value of 7= 7]

k = indicates a specific value of £ = jk
F = lift deficiency function - from data obtained from shed and harmonic trailing wakes.
G = |ift phasing function - from data obtained from shed and harmonic trailing wakes.

3. Program Mechanics

This program is written in FORTRAN II. It requires approximately .3 minutes
to handle a case involving five values of % on the IBM 7094, One subroutine “"CROUT"
is used to solve the system of simultaneous equations. A maximum of 7‘7, 8, ForG, a
maximum of 50 values % , and a maximum of 20 harmonics may be used. This program
was developed with the ai« of the facilities at the Massachusetts Institute of Technology

Computation Center.
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INPUT FORMAT

Cord No.1 DEPSI  BOER TANMU EMU CF I M KP NH NGP
£13.8 £8.3 E8.3 E83 E83 I3 13 I3 13 13
Card No.2 ETA (1) THETA (1) F(1) G(1)
8.3 8.3 £8.3 £8.3
This card format must be repeated "m" times in succession
Card No. 3
A, If 12P=1

1. AL, J, K) 5E14.7
2. 81, J, K) 6E12.5 } group B

These cards are to be grouped by %7 then by A i.e., hold 7% constant;
enter i. and 2. for A, followed by 1 and 2 for 12 etc., up to land 2.for /

m+ |

then consider 7 = %, and repeat the process.
B. IfI12P=2

In this case the ordering will be the same, except that each subgroup of
1and 2 will be augmented by 3 and 4

1. A(l, J, K)  S5EI4.7
2. B(I, J, K}  &EI2.5

3. CK) S5E14.7
4, D(K) 6E12.5
in this case 1 and 3 are added together as cre 2 and 4.
Cord No. 4  AZERO AONE BONE
3E8.3

I2P
13



Explanation of Variables

DEPSI = interval size used for ¥

BOER = -2~
TANMU = =utani

EMU =

CF = a conversion factor depending on the geometry of the model being considered
Il = number of times Card No. 1 is to be repeated

M = number of values of 7

KP = number of points of W

NH = number of harmonics ( o'h term + all cos coefficients + all sin coefficients)
NGP = number of card No. 4 to be input

I12P = +2 indicates C and D arrays are to be input, + 1 indicates only A and B are

to be input
ETA(I)=7i
THETA (|)=9i
F(l) = F.
G ()= G,

A(l, J, K) = harmonic coefficients resulting from the harmonic analysis of B(l, J, K)

B(l, J, K) "KP" values of the trailing wake function (If the function has been separated
into near and far wakes, this will be the far wake portion)

¥ C(K) harmonic coefficients resulting fromthe harmonic analysis of D(K)
* D(K) "KP" values of the near wake +  on of the trailing wake to be added on to B

® Ihese will be omitted if 12P = +1

AZERO = a,
AONE = a, Blade flapping is defined as o, - acosy- b] sin iy .
BONE = b,
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OUTPUT FORMAT

Page | LOAD COEFFICIENTS FOR ETA=
HARMj)NIC NO. i (m=7) (7 ="72)

S A

'<7=7m>
J

(These will follow sequentially so that the first sine harmonic will be

assigned a number equal to that of the last cosine harmonic plus one)

Page 2 LAMBDA (PSI) FOR ETA =
psi A i(V«)

l |

Page 3 ETA  L3-C  13-5 L4-C  L4-S
R

Page 4 ETA=

PSI L(1) L(G) u + UG)

J ) /

Explanation of Symbols

ETA= ¥ psi= W
LOAD COEFFICIENTS =}, A, . A o
| | |

LAMBDA (PSI) = Xi (¥
ln -C, Ln-S = Lic o

. 1S,
I |

L =1L, ()
I
LG) = Ly (¥)
I
LG + 1) = HARMONICS EXTRACTED - L. ()
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O B~

Io
11

12
1)
14

25

29
30
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APPENDIX A

Program for V] - Trailing Wake

CIMENSION vIPSIL381),Y2PST1361),YIPSTI(36)),YaPST(3e6L),Y5PS L3081},
1 YOPSL UL ), YIPSTI{I6L ), YOPSLIdEL)ZAPSII36)),28PSI{3EL),PSI(YGLY,
2 CHIE361) STOMALIGY ) AQUAYL20),AQUAY(2C)
COPMON PST,YIPSEy 1oL o®XoDEPST, AQUAY,BCUAY AZERO,Y2PST,Y3PSI,
1 vaPS 1, YS5PSL,vePS1,Y?7PSI,v8PSI
READ INPULT TAPE 4,2,L KL NP, TT MM NN,QT
FOCRMAT(6L12,E1).8)
READ LINOUT TAPE &,6,8(
REAC INPUT TAPE &, 4 EmMU,AMBCA,EM,OFPSI,CELPH[ CELTA,R,1J
FORPAT(IES.D,3E13.08,1),12)
READ INPUT TAPE 4,6,A,1K
FCRPAT (E€,3,12)
REAL INPUT TAPE &,6,ELK,]L
REAC INPUT TAPE &,6,EN,IM
READ INPUT TAPE &,6,X,IN
" oe &
WRITE CUTPUT TAPE 2,11 4EMU, AMBOA,EP ENLELX (A, X,DEPST,DELPHIDELTA
FCRMAT(OHIMY o FO.3,]1)~ LABCA o F,4,6M m e Fe.),
19m N ®» F&,),9% L = F&.3,9M Ao F&,3,9m X e f&,37/
2 13INUDELTA PS| = FB.5,20M CELTA PHI{1) = FB,5,20n CELYA Pp
3I(2) = FR,5)
CC 12 J = ],x
Crltdl o Q.0
SILmaty) e 0.0
CONTINUE
READ INPUT TAPE 4,14,GAMMA
FORMAT (EL3.0)
[ T B |
PSIC1) = 0.0
CO 74 4 = |],x
ALPHA = 0.0
OrEGA = 0.0
8ETA « (.0
LETA « Q.0
PH] o PSLI(J) o CAMMA
SPHL o Prl o 6,2031852etm
ASSIGN 25 TC um
D o EryUe{SPR] - PKI)
I » AMBCA®{SPr | ~PHI}O(].00Ae(USFIPKRL))-BNOLELK-X)
RRO o ELRoes2exo0ioCee2¢]002-2,00X0F Ke(CSFIPSLILU)-PH]Ie2,Ce(w
I TELROCOSFIPHI)=-xeCUSFIPSTI(JIIN)
LF (RWC) 96§,99,2)
TAUS (ELRO[ELKOCOCOSFIPH])I-NoCCSF{PSILI)=-Prl))eEmMua(ELROS[NFIPKI)
1 ~xeSINFIPSI(JN)))/{ANCoe],5)
GO T0 JKy(25,33,40,91,55,%9)
ALPKHA o ALPHA o TAUSCOSF(ENSPH])
OMEGA = OMEGA o TAUeSINF(ENEPM])
Pri = On] o CELPH]
[FLGAmMMA -,00001) 29,29,4)
IF (PHl-SPH[-CT) 3C,30,50
ASSIGN 33 TC Jx
GC 10 2¢
ALPHA s ALPrA ¢ &, CoTAUSCOSFIENSPKT)
OMLGA o OMEGA o 4, O0TAUSS[NF{ENOPK] )
PHI = PHl o CELPNK]
TF L PrL o O,%eCELPHI-SPHIT  135,35,19
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35 IF(GAMMA-,00002) 37,37,36

36 ASSIGN 40 TQ JK

GO 10 20
37 IF(PHI ¢0.5°0ELPHI-SPHI=-QT) 36436419
4«0 ALPHA = ALPHA ¢+ 2,00TAUeCOSF(ENePHI)

OMEGA = OMEGA ¢ 2,00TAUSSINF(ENePHI)
PHI = PH] ¢ DELPH]
ASSIGN 33 TO JK

60 10 20
4} IF (PHI - 5PKk]) 30, 30,45
45 GO TO (71469¢67,65)M
50 PHI ~ PHI - DELPHI

51 BETA = BETA ¢ TAUSCOSF(ENePHI])
LETA = ZETA ¢ TAUeSINF(ENePNMI)
PHI = PH] ¢+ DELTA
IF (PHI- SPHI) 52,52,63

52 ASSIGN 55 T0 JK
60 10 20
55 BETA = BETA ¢ 4,0eTAUSCOSF(ENePH])

ZETA = ZFTA ¢ 4,00TAUSSINF(ENOPH])
PHL = PHI ¢ QELTA
IF (PHI ¢ 0.5¢DELTA - SPHI) 57,57,58

57 ASSIGN 59 TO JX
GO TO 27
58 ASSIGN 51 TQ JK
GO 10 20
59 BETA = DBETA ¢ 2.00TAUSCOSF(ENePHI)

LETA = ZETA ¢ 2,0eTAUeSINFIENePH])
PHI = PH] ¢ QDELTA
ASSIGN 5% TQ JX

GO 10O 2:

63 IAPSI(J) = (CELTA®BETA)/3.C
IBPSI(J) = (DELTASZETA)/3.0
GO TC 45

65 YIPSI(J) = (DELPHI®ALPHA)/3,.0

Y2PS1(J) = (CELPHI®OMEGA) /3.0
CHL(J) = CHILJ) ¢ YIPSI(J)
SIGMA(J) = SIGMA(J) ¢ Y2PSILJ)
GO0 YO 73
67 Y3PSI(J) = (CELPHI®ALPHA)/3.0
Y4PSI(J) = (DELPHIeOMEGA)/3.0
CHI(I) = CHICJ) ¢ Y3IPSI(J)
SIGMA(J) = SIGMA(J) ¢ Y&PSI(J)
GC 10 73
69 YSPSI(J) = (CELPHI®ALPHA)/3.0
YOPSI(J) = (DELPHIeOMEGA)/3.0
CHI(J) = CHI(J) ¢Y5PSI(J)
SIGMA(J) = SIGMA(J) ¢ YO6PSIL(J)
GO0 1O 73
11 YTPSL(J) = (DELPHI®ALPHA)/3.0
veesSl(Jd) = (DELPHIOOMEGA)/3,.C
CHL(J) = CHL(LJ) ¢ YTIPSI(J)
SIGMA(J) = SIGMA(J) ¢+ YBPSIJ)

73 PSI(J+l) = PSI(J) ¢ DEPSI
T4 CONTINUE
IN = [N =]
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IFCIND T77,77,13

77 l =3

79 CALL HARNAL (PSI,CHI)
WRITE OQUTPUT TAPE 2,00

80 FORMAT (1HO///7/4H CHIZ// 1)

CALL PRINCE(LyAQUAY,BQUAY,AZERD)
CALL HARNAL (PSI1,SIGMA)
WRITE QUTPUT TAPE 2,82
a2 FORMAT (1HOQ//7/76H SIGMA///Y/)
CALL PRINCE(LAQUAY,BQUAY,AZERD)
CALL HARNAL (PSI1,2APST)
WRITE QUTPUT TAPEF 2,84
84 FORMAT (1HO////76H LAPSI/V/Y)
CALYL PRINCE (LsAQUAY,BQUAY,AZER(O)
CALL HARNAL (PS],28PSI)
WRITE QUTPUT TAPE 2,85
8% FORMAY (IHQ//7/776H 26PSI1/7717)
CALL PRINCE( L, AQUAY,BQUAY,AZERQ)
IF (MM) 88,88,87

7 CALL TRIP (CHI,SIGMA,PS],ZAPSI,2BPSI NN,yK)
88 IF (KL) 93,90,89
89 CALL PRICK (NP)
90 IM = |[M -]
[F (IM) 92,92,9
92 IL = IL -1
If (IL) 94,94,8
94 IK = [K - ]
IF (1K) G6,96,7
9¢ Id =10 -1
IF (IJ) 98,98,5
98 irT =11 -1
IF (1) 101,101,3
99 WRITE QUTPUT TAPE 2,100,PST(.)PHI
10C FORMAT (3OHLSINGULARITY OCCURS AT PSI1 OF EL16.08,8KH ,PH] = E£16.8)
60 TO 90
191 caLL exIT

[ND(l'000,0.0.0.00000100000009000’
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SUBRCUTINE HARNAL (PS],FPSI)
DIMENSION PSI(361),FPSI(361),AQUAY(20),BQUAY(20)
COMMON PSITFPSIo14L K DEPS! ,AQUAY,BQUAY,AZERO
KNeK=3
Rel.0
GO TC (5935,5),!
5 GRAL = FPSI(1) ¢+ FPSI(K) +4,0eFPSI(K-1)
DO 12 M=2,KN,2
12 GRAL = GRAL *+4,CoFPSI(M) ¢2.CeFPS](M+])
AZERC a (DEPSIOGRAL)/9.424T778
Qola:
DO 2% J=l,L
Q=¢ +1.0
GRANC = FPSI(1)eCOSF(QePSI(]1)) +FPSI(K)eCOSF(QePS](K))
1 ¢4, 00FPST(K-1)eCOSF(QePSI(K~-1))
00 2C M=2,KN,2
20 GRAND=GRANC ¢4 .00COSF{QePSI(M))eFPSI(M)
1l 42.00FPSI(Me+])eCOSF(QeaPSI(M+]1))
AQUAY(J) = ((2.090EPSTI)/9.4247T778)eGRAND
[F (I-3) 25,22,22
22 ACUAY (J)=AQUAY(J)/2.0
25 CCNTINUE
[IF{1-3)49,34,34
34 AZERQO sAZERQ/2.0
R =0,5
35 P =0.0
N0 43 J =],L
P =p 01.0
TGRAL =& FPSI(L1)eSINF(PePSI(Ll)) ¢ FPSI(K)eSINF(PePSI(K))
1 ¢4, 00FPST(K-1)eSINF(PePSI(K~-1))
00 42 M 'ZQKNQZ
42 TGRAL =TGRAL +4,0¢FPSI(M)eSINF(PePSI(V))
1 +42.09¢FPSI(Me]l)eSINF(PePSI(M+]1))
BOUAY(J) =((2.0°0€EPSI)/9.424T7778)eTGRAL®R
43 CONTINUE
49 RETURN
ENC(140+9C9Ce0404090904040,0,0,0,C)
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SUBROUTINE PRICK(NP)
DIMENSION YLIPSIE(361),Y2PSI(361)eY3PSI(361),Y4PSTI(361),YSPSI(361),
1 Y6PST (361 )oYTPSI(361),YBPSTI(361),PSI(361),AQUAY(2C),BQUAY(20)
COMMON PST,Y1PSIs1yLyKyDEPSIAQUAY,BQUAY,AZERO,Y2PS]I ,Y3PSI,
1 vePSI,v5PSI,Y6PSI,YIPSI,Y8PS1]
WRITE QUTPUTY TAPE 2,3
FORMAT(1G2HILPSI YiPSI Y2pPSl Yie
151 Y4PS ] YSPS1 Y6PS1//77)
00 9 J =» Ll ,K4NP
WRITE QUTPUT TAPE 2,6sPSICJ)YLIPSI(J),Y2PSI(JI),oYIPSI(J),
| YGPSI(J),YSPSI(J),Y6PSI{Y)
CONT INUE
RE TURN
ENO(loOoc90'000!0!0"3000000!000'0)
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SUBRNOUTINE TRIP(CHI o SIGMA,PSIZAPSIy BPSIyNN,K)

OIMENSION CHI(361),SIGMA(361),PSI(361),2APSI(361),286PSI(361)
WRITE OUTPUT TAPE 2,1

FORMAT(T8HLICHI SIGMA PS1

LAPS 1 l8PS1///)
DO 9 J = 1,KyNN
WRLTE OUTPUT TAPE 295¢CHI(J)oSIGMA(J) 4PSI(I)ZAPSI(J),28PST(J)
FORMAT (El3.5,4E18.5)
CONTINUE
RE.TURN

ENUI(1,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
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SUBROUTINE PRINCF(L,AQUAY,3QUAY,AZERC)
DIMENSION AQUAY(20),8CQUAY(20)
WRITE OUTPUT TAPE 2,5,ALERO
FORMAT{1+0///10HCA-ZERD = E18.8)
00 9 J = 1,L
WRITE QUTPUT TAPE 2479JAQUAY(J),J,BQUAY ()
FORMAT (3HOA-1243H = E18.8,10H B8-12,3H = E1B8.8E)
CONTINUE
RE TURN
ENOD(1,)0¢CyC9G109040¢340,4C404G»0,9)
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APPENDIX B

Typical Results from Program of Appendix A

®y = 0.100 LANBDA = (,0%00 % = 3,000 N e 3,000 L = 1,000 A = 0.500 x e 0.5%0

CELTA PSI = 0.13090 CELTA PHI(l) o C.13C90 CELTA PHI(2) » 0.0438)

CHl
A-lERC » 0.20184911E Q1
. Le2343STLTE-U0 8- 1 = G.18979249€ 01
~C.64222178¢t Gl 8- 2 ~C.30947%4E-00
(.21907055¢ Ol 8- ) -0.18879)48€-02
.~ . -0,32069%07({-00 n- 4 C.17816691E-00
A- 3 . L. 7490¢55%¢F-J1 8- 5 -0.24021100€-00
A- b » C.77531750L-01 B- & 0.30199294€-00
A~ T o ~0.23721806L-00 A- 1 -0.350CS%791€-00
A- 8 . C.31M15831¢-00 8- 8 V.2143%10)E-00
A- 9 e -C.33253226t-00 B- 9 2.770C3629%€-01
A-10 o 0.3uTes545¢ -00 A-10 ~0.72742325¢-01
Slura
A-/ERL = C.45014089€-C0O
A= | o -C.44811134€-00 8- 1 0.23248064¢ 01
A- 2 . 0.e1733908L 00 p- 2 -0.2632%01%€ 0!
A- 3 -C.18907241t-00 8- 3 0.343]10731E 01
A- 4 = 0.339%6618¢-C0 8- & ~0.,16649285¢-00
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A- 5
A- 6 =
A- T =
A- 8 o
A- 9
A-10 =
LAPS]
A-LERC =
A- 1 =
A- 2 =
A- 3 =
A- & =
A- 5 =
A- 6 =
A- 1 =
A- 8 =
A- 9 =
A-1C =
l8PS1

A-LERC =

-C.20658962t-00
-0.23854294€-01
0.3853)878E-00
-0.4168410606E-00
0.26763588E-00

-0.21372104£-01

-0.93950700E-03

0.26513033€E-01
-0,69089228E-01
0.61862555t 00
-0.21786867T0E-01
G.17025375€-02
0.42724407€E-03
C.16942464L-0¢
-0.52219255t-05%
-7.11450093€E-05

~0.22061996E£-006

-0.27789952€-02

0.40824365(-00
-0.25071085%E-00
0.12272582E-00
-0.14012528€-01
-0.74038545€-01
0.16637603E-00

0.59074956E£-02
-0.248175500€-00
0.15431769¢ 01
0.37252838E-02
0.27875036€E-02
-0.79600833E-04
~0.53993321€-04
-0.539¢4967€-05
0.26211555€E-06

0.17850348€E-06



8- 1
A- 2
A- 3
A- &
A- 5
A- 6
A- 1
A- 8
A- 9
A-10

-0.57612904E-02
(.24882170E-00
~Ce15431759F 01l
-0.57254104E-02
-0.27870707€-02
0.80190378E-04
C.54488785E-04
0.58944438E-Q5
C.21461810€E-06

0.3547304CE-06
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B- 1
B- 2
B- 3
B- 4
B- S
B- 6
8- 7
B- 8
B- 9
B-10

0.27118210€-01
-0.69089957€-01
0.61861937€ 0O
-0.,21786939t-01
0.17027783€E-02
0.42748532€-03
0.17114811€-04
-0.50005811€E-05
-0.95512301E-06

-0.13038515€-07



Cni

~0.14443€ 01
-0.11941F 01
-0.76018E 00
=0.12395€-00
0.71141¢€ 00
C.16927E 01
0.27830€ ¢l
C.40208¢t 01
C.54198E 01
0.69236€ 01
J.84441E 01
D.97849E 01
0.10868¢ 02
O.11421E 02
C.11685E 02
c.10882¢t 02
0.9€e817¢ 01
0.85090€ 01
0.71490¢ 01
C.52338EF 01
G.14907€ 01
-0.38389t 01
<0.77273€ 01
-3.%0550€ 01
~0.55942€ 01
~0.46113€ 01
=C.641T74E 01
=J.35379¢ 01
-0.14294€ 01
C.48191¢-00
0.218510€ 01
0.48%29€ 01
0.65008E C1
0.71178F€ 01
0.75489E 01
J.715093E 01
0.71550€ 01!
0.63113¢ 01
C.525%03E 01
C.40534E 01
0.284064F 01
C.16618F 01
Ce59144E 00
-0.26154E-00
-0.85951lF 00
-0.12398E 0!
-C. 14528t 01!
-0U.15240€ O1
-C.14443E 01l

stema

0.89760E 00
0.18391€ 01}
C.25004t 01!
C.27826E J1
0.26691t 01
0.22028¢ 01
C.144063E 01
0.48433€6-00
-0.53830€ 00
-0.1360¢E 01
~0.17467¢ Q1
-0.,17T127€ 01
-0.96056€ 00
=N.65259E-01
G.16317t 01
0.36286F 01
0.426460¢ 01
0 «8889E 01
C.48415t Q1
N.65697¢ 01
0.85724¢ 01
0.10007¢ 02
C.74171€ 01
0.37151€ 01
G.16783€ 01
-0.20345€-00
-0.32291C 01
-0.49287¢ 01
~0.55730€ C}
-0.61685€ 01
-0.71092€ 01
-0.58772C Ol
-0.33759E 01
-0.18400€ 01
-0.10496L Q1
-0.264684€-00
0.44548E-00
0.10630€ 01
O.11142€ 01
0.81138€ 09
0.27679E-00
-0.43618E-C0
-0.1177%¢ Q1
-0.,17743€ 01
-0,20126C€ 01
-0.1772¢€ 01
-0.11042¢ 01
-0.15184E-00C
0.89760E 00

PSS

c.

0.1)090€~-
0.,26180E-
0.3927C¢E-

0.52360¢C
C.65650€E
0.78540¢
0.916130C
0.10472¢
C.11781¢€
0.13090¢C
0.14399¢
C.15708¢
0.17017¢€
0.18326¢€
C.196135¢F
0.20944¢E
0.22253¢
0.23562¢€
C.264R71F
0.26180E
C.27489E
C.28798¢€
0.3C107E
C.31416E
0.32725¢€
0.34G34E
0.35343F
0.36652¢C
0.37961¢
0.39270¢E
0,40579¢C
0.41888¢
0.43197F
C.44506¢E
G.45815€
0.47124L
0.486433F
C.49742E
N.51051E
0.52360E
C.53669F
0.54978¢L
0.56287¢€
0.57596E
0.58905E
0.6C214E
0.61523€
0.62832¢€
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]9
00
ao

LaPS|

0.55547C 0C
0.10443€ 01
2.13677¢ 01
ce164708E 01
0.13335¢ 01
C.97399EF 02
Ge&46572E-00
-G.17012€-0v.
-0.77732¢ COQ
-0.12795F 01
-0.15551F 01
~C«16705F Q1)
-0.14885t 01
-0.10714€ 01
=0.47842€-CC
0.20351€-GCC
0.87248€ CC
U.14273€ 01
0.17828¢ 01
J.18835¢E J1I
0.17115C 01
D.12901E€ 01
0.67972E 0C
-0.30368E-U1
-0.73825t 0OC
-0.134CCE 01
-0.17500¢ Gl
~0.19114€ 01
-0.18045¢E 01
-0.14492f 01
-0.901139E U
~C.24305€-00
0.626390-0C
0.10126E 01
0.14323E 01
Cel16292€ 01
0.156804t 01l
G.12993€ 01
0.83325E 0OC
0.25629€-00
-0.34184E-0C
-0.86886E CC
-0.12438E 01l
-0.14093E 01
-0.134Q06¢t 01!
-0.10498F 01
-0.58404L 00
~0.186457¢-01
0.55566t OC

LBPSI

-C.13113¢ 0Ol
-0.98809¢ °0
-0.49453€-00
0.91397€-01
0.67611€ 00
0.11651E 01
0.14779¢ 01
0.15609E 01
C.13657¢€ 0Ol
0.l10032t 0!
C.43579€-C3
-0.21CU6E-00
-0.84722€ 00
-0.13728E 01
-0.17C36E 01
-0.17851€ 0Ol
-0.16C02€ 01
-C.11721€ 01
-C.56127¢ 00
C.16352E-00
0.83875¢ 00
0.14218¢€ 01
0.18C64E 0!
0.19361€ 01
C.17921¢ 01
0.13965k 01
0.80824F 00
O.11413€-00
-0.584068¢ 00
-0.11879€ 01
-C.l6111t 01
-0.17915€ 01
-0.17262¢ 01
~0.14140€ 01!
-0.9125«€ 00
~0.29957€-00
0.33241E-00
0.88690¢ 00
0.12919€ 01
C.l4813¢ 01
0.14336¢ 01}
N.11600F 01
0.70621€ 0C
J.14539€-00
-C.43253E-00
-0.93490E 00
-C0.12808¢ 0!
-0.14138¢ 0Ol
~C.13113¢e 01



PSSt

Je

U.13CoE-0C
C.26180€-00
0.39270€-00
0.92360¢ 00
V.65450¢ 00
0.78540¢ 00
0.91630F 0C
O.10472¢ 01
C.11781F Ot
0.13090C 01
J.14399¢€ 01
C.15708¢ 01
0.17C17¢E 01
0.18)326t 01
0.19635€ 01
C.20944F 01}
C.2229¥ 01
G.23562¢ 01
0.264871¢ 01
0.26180E 01
0.27489¢ 01
G.2879RE€ 01
0.301C7¢ 01
C.llalet D}
C.32725¢ 01
O.)e034E 01}
J«3¥534)E 01
C.e¥0852€ 01
G.37961E 01
0.39270¢ 01
C.4CH79E 01
0.s1088Ff 01
C.43197¢ 01
U.44506E 01
U.45815¢ 01
C.arl240 C1
C.48433F 01
UG.47742€ 01
C.51051€ 01
9.52360¢ 01
ve83669f 01
C.56978¢ 01
0.562087€ 01}
C.9T7596E 01
0.%8905¢€ 01
C.60214E 0}
J.61523 01}
0.62032¢ 01

yiesi

0.64979¢-01
C.10267¢-00
0.36269€-00
0.534208¢ 0C
0.608742¢ 0C
0.83514€ 0C
0.10230¢€ 01
0.13126€ 01
O0.17e17€¢ 01
0.2642206€ 01
0.32C73 Ol
0.30509¢ O}
O.41986€ 01
0.40902¢ 01
0.33610€ 01
V.1 04086E VI
0.95947¢ 00
0.13939€ 01
0.32120€ 01l
0.%0312¢ ©1l
0.%5%509( 0}
0.60020¢ 01
0.,64659¢F 01
C.624808¢ 01}
0.57608¢ 01
0.55280¢ 01
0.527%«¢ 01
G.461790¢ 01
0.41575¢t 0}
C.37572¢ 01
0.29722¢ 01
0.20926€ 01
0.140085¢ 01
J.67317€ 0C
0.49654E-00
0.70522¢ 00
0.128066¢ 01
C.15375€ 01
0.19%664€ 01
0.14CT8E O}
O.11814E 01
0.95436EF 00
D.74392¢ 00
0.54747¢ 00
0.34770£-00
0.16889E-00
Q.41712€-01
~0.53301€-02
0.44979¢-01

v2prsl

0.268085¢-00
0.45487¢-00
0.%6912¢ 00
0.8%0708C OC
0.75318t 00
0.88598t 00
0.94040t 00
0.67134¢ 00
-C.12197¢-00
-0.10462¢ 01
=0.12944F Ci
-0.57027€ 00
C.8%241¢F 00
0.26031€ 01}
0.42560¢ 01
0.4272¢€ 01
0.16702¢ 01
~0.18260t 01
-0.49330€ 01
-0.50851€ 01
-0.39490€ 01
~0.29964E 01
-0.18655€ 01
-0.5%1717¢ 00
0.47342€-00
0.13082¢ 01
0.22495%¢ 01
0.30123 0O}
0.35736C O1
0.43051€ Ol
0.48499¢ 01
0.486648 01
0.42390¢ 01
0.29861F 01
0.85042¢ 00
-0.97211t 00
-0.19207¢ 01
-0.19242€ 01
~0.15149¢ O1
-0.98318¢ 00
-0.56415€ 00
-0.33186£-00
~0.26641€E-00
-0.30757€-00
~0.35458E€-00
-0.31946£-00
-0.18005€-00
0.36314€-01
C.20885t-00

vipPsi

C.520610¢-01
-0.31113€-01
-C.14C79£-00
-C.21153¢€-00
-0.16008¢-00

C.57973¢-01

C.49242€-00

0.98632€ 00

C.1619%5¢€ 01

C.22690€ 01

c.28131¢ 01

0.30856¢ 01

C.3%6at 01

0.29162¢ 01

C.d4031¢€ O}

C.41785¢€ 01}

C.482300¢ O]

Q.47)91€ 01

C.s40271¢ Ol

0.28785€¢ 01

C.1)646¢ 01
~0.27168€-00
-0.17616¢ 01
-0.29370¢ Ol
-C. 36873 01}
-0.38)78¢ 01
-0.34C63€ 01
-0.26424F 0}
~C.11286¢F O1

0.26882€-0"

C.159989¢ Ol

C.26657€ O}

C.33%21¢€ 01

C.35%5094€ 01

Ce34492¢ 01

C.29480¢ 01

C.23149€ 01

C.l68s48f 01l

C.11776€ O}

C.78903¢ 0N

C.406389E-02

0.19637L-00

0.16C53¢€-01
-0.50691¢€-01
-0.50194€-01
0.54318€-02

Ce01434€-01

0.842] 6€-0!

C.52611t-01
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vaps|

0.47288E-00
C.87167¢ 0O
C.122)34€ 01
C.la733E 01}
0.19246€ C1
C.123%4€ 0O}
C.%307¢ 00
-C.30082€-00
-0.01320¢ ©0O
~0.6973¢ 00
-C.12304E€-00
0.43924€-00
0.3)44l11€-CC
-0.110008¢ 01}
-0.26065¢ 01
-0.30863F O}
-0.21503¢ 01}
-0.41135E-00
C.12032¢ 01
0.24992¢ 01
C.33223 01}
c.35Ce0€ 01
C.3089%¢ 01
g.21871€ 01
C.9344it 0O
~3.608967E-00
-C.18497¢ 01
-0.28997€ 01
-C.34509€ 01
-C.J&3¥TTE 01
~C.29156€ Ol
-0.196084¢f 01
-C.71291¢ Q0
G.603353E Q0
C.17897¢ C1
U.20260¢ 01
C.27497¢t Q1
L.22299¢ Ot
v.llelee 01
0.16471€-00
~0.40919E-00
~C.80935¢ 0OC
~C.90179¢ 0O
-C.ATIS51E 00
-0.76121€ 00
-0.56347¢ 00
-(.28073€-0C
g.73822€-C.
C.aT286E-1Q

A\ 1Y

~0.19419¢ C1I
~0.1345%¢6€ 01
-C.908188¢f CO
-0.448670¢-00
0.18406¢-09
C.79960F 00
C.13078¢t 01
0.17219t 01
0.20306€ 01
0.22320¢t 01
C.242)37F 01
0.28485E 01
0.36333¢ Ot
0.44145%E 01
0.49209¢ 01
0.4835%0¢ 01
0.40922¢ 01
0.23760¢ 01
-0.90076¢-0}
~0.26758¢ Ot
-0.54249¢ 01
~0.95692¢ 01
~-0.12432¢ 02
-0.83667€ 01
-0.%6878¢ C1
-0.63015¢€ 01
-0.82064¢ O}
~0.57745%€ O1
-0.44583¢ C)
~0.35%641¢ O!
-0.24201€ 01
0.94582€-01
0.17402¢ 01
0.20%53€ Ot
0.36032¢ 01
0.37761E 01
0.3553%¢ 01
0.30890€ O}
0.25003¢ 01}
0.18%66€ 01
0.12011¢ Ot
C.51106E 00
-C.168%3t-00
-0.75032¢ 00
-0.11%70¢ 01
-0.14122¢ C}
-C.195%60¢ Q1
-0.16029¢ 01
-0.15419¢ Q1

Yersi

0.195589¢F-00
0.51260¢ €O
C.70781¢ CO
0.6%840€ C9
C.Y9138€-00
C.813)34€-01
-0.,37190€-G1
C.113m1¢-00
C.)9687t-00
C.40294£-CO
~-0,32846F-00
-0.1%508)6f 01
-C.215%71¢ 01}
~0.15996EF C1
C.021471-01
0.22420¢ 01
C.47262¢ C)
0.71263F O}
0.8%716€ 01
0.91595¢ 01
0.91991f 01
0.94947F 01
0.61931¢ 01
C.2045%2¢ 01
0.27050¢-00
-0.10220¢ 01
~0.36289¢ 01
-0.9%0412¢ 01}
-0.95695%6F C1
-0.70359F O1
-0,9C435¢ C1
-C.805752¢ O}
~0.69020€ C1
~0.54296€ 01
-0.36997¢ G
~0.1R987F O}
-0.)03aTE-CO
0.157)R¢ 00
C.l441%f 01
0.16298L 01
0.13321¢ 01
0.70503t 00
~0.92713)€-02
~0.59)24f 00
-0.89677¢ 00
-C.88983 00
-0, 64340F OO
~0.26197¢-00
0.15589¢-00



my e 0,200 LAPBOA = (0.02%0 » « 3,00C N e 0. L s 0.%00 A« C, A e 0N,A50

CFLTA PS| = C.206180 CELTA PHIIL1) o 0.26180 CELTA PrIE2) = Q0.0438)
cml

A-LERC « 0.264096050¢ O1

A- ] « U.76733813¢ 01 B- 1 = ~0.3592C9049¢ 01
A- 2 . C.95971692¢ 01 8- 2 » -0.45034871F 0!
A- Y . 0.92279459f 01 8- 3 = ~0.20482561F 01
A- & o 0.70018607¢ 01 B- 4 o -0.634C9612¢ 00
A- 8 0.382956%8f 01 B- 5 e 0.%9846934F 00
A- 6 = Ue 55069476 00 8- 6 0.11683953 01
A- 7 » ~c,20151180F Q) A- 7 = 0.11370%28" o1
A- A o ~0.37C507550 01 R- 8 = 0.63462853 00
A- 9 . -C.422313062¢ 01 - 9 = -0.178C2880€-00C
A-10 - L. 372632824 01 A-10 = -0.10911534€ O1
S1LMA

A-LER(Q 0

A- ] = 0. p- 1 = -0

A- 2 . -0. B- 2 = -0.

A- 3 . -0. - 3 . -0.

A- & . -2 B- & = 0.
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A- S .
A- & =
A- 7
A- 8 =
A- 9 =
A-10 o
IAPS |
L-1ERC ®
A- | =
A- 2 .
A- ) .
A- 4 =
A- S -
A- 6 =
A- 7 .
A- 8 =
A4 9 =
A-10 =
Lopsi

A-LERC =

~0.14611866C Q1

-0.50505327€ 00
-{+14080133€E-00
-U.35666509E-01
-0.739913352e-02
-0.10136589€-02
D, 55484471E-04
0.44217125¢-0)3
0.25126047-02
0.11903089E-01

0.46938109€-01

=0.

B- 5
B- 6
B- 7
B- 8
8- 9
8-10
B- 1
8- 2
B- 3
B- 4
8- S
B- &
8- 7
8- 8
8- 9
e-10

0.
0.
0.

-0.56519654€ 00
-0.58095719€-01
0.40008912€-02
0.54272138€E-02
0.23007582€-02
0.897136%59€-03
0.90215145E-03
0.18273765€E-02
0.13314038€-02
-0.193683026-01
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0.

0.



CHl

0.35169€ 02
0.270842€ 02
-0.47245¢t 01
-0.21978€ 02
~0.13122€ 02
-0.82261€ 01
-0.56000€ 01
-0.39901€ 01
-0.29033€ 01
-0.21134E 01
-G.15026E 01
-C.10037E 01
-0.%7500€ 00
-0.18872€E-00
0.17512€-00
0.53181E 0C
0.89274E 00
0.12629E 01
J.16290E 01
Ue19150E 01
0.18124€ 01
0.95603E 00
0.,21277E 02
C.33543€ 02
0.35169€ 02

SIGHA

0.
GC.

0.
0.
0.

C.
O.

0.
0.
0.

0.
0.
C.
0.
o.
0.
0.
0.
0.
0.
0.

PS1

0.

0.26180¢E-

0.52360€C
0.78540€
0.10472¢C
0.13090E
0.15708E
0.)8326E
0.20944E
0.23562¢
0.26180¢t
0.28798¢E
0.31416E
0.340234¢
0.36652¢
0.39270¢
0.41888¢E
0.44506E
0.4T124E
0.49762¢
0.52360¢
0.564978E
0.5759¢6¢E
0.60214¢E
0.62832E
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0o
0o
00
c1
o1

LAPSI

-0.21508¢
-0.22650€
-0.22878¢E
-0.22422¢
-0.21506¢E
-0.,20307€
-0.17515€
-0.16060¢
-0. 166245
-0.13233¢E
-0.10677E
-0.,95602¢
-0.85945E
-0.78287t
-0.73343¢
-0.72136€
-0.86827E
-0.10581¢E
-0.16415E
-0.19354¢E
-0.21508¢



PS1

J.

0.26180E-00
0.%2360€ 00
0.785%40¢€ 00
0.10472¢ 01
0.13090F 01
0.15708¢ 01
0.18326€ 01
0.27944E 01
0.23%62¢ 01
0.26180¢ Gt
0.28798¢ 01
J.31416€ O1L
0.34034E 01
J.3ek52L 01
J.39270€ 01
U.41088E 0!
7.44506E 01
0.4T7124¢€ 01
0.49742¢ 01
0.%52360E 01
0.54978E 01
U.57596E 01
C.60214E 01
0.62832E 01

viesi

0.5261)€ 01}
0.80571€ 01
0.sa1082€ 01}
-0.43200€ 01
~Q0.22420E 01
-0.12716¢€ Q1
-0.77806E 00
~0.648537€-C0
~0.29126E-00
-0.15C21€-C0
-0.38865E-01
0.56345%€-01
0.144)8E-00
0.23212E-00
0.32%5083€E-00
0.43222¢-00
C.55941€ CO
0.71805€ CC
0.92239¢ Q0
0.11908¢ 01
0.15448¢ 01
0.2ClL15E 0O}
0.26561E Q1
0.36497€ 01
0.520813¢€ Ol

virsl

C.23798¢€ 02
0.11023E 02
-0.18973€ 02
=C.10339€ 02
~0.642088€ 01
-0.44177€ 01
-0.32279€ 01}
~0.24545E 01
-0.19166€ 01
-C.19219E 01
-0.12188E€ 0!
-0.97¢87t 00
-C.77713€E 00
-C.60153€ 00
-C.46054€-00
-C.)3231€e-00
-0.22323E-00
-0.14136€E-09
-C.11356€-07
-C.22414€-00
-C.76600€ OC
-0.20170¢€ 01!
0.160641E 02
0.23979¢ 02
0.23796t Q2
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YSPSI

U.60917€ 01
0.79620€ 01
0.10141E 02
-0.73193€ 01
~0.445]14E C1
-0.25370€ 01
-0.159«0Et 01
-0.10%502¢€ 01
-0.69546€ COC
~0.44134€-00
-0.264497€-00
-0.83112€-01
0.5771%2€-01
C.18669E-00
C.30983E-00
0.43190¢8-70
0.556%6¢t 00
0.68622¢ 00
0.82017¢ 00
0.94839€ QO
0.10336E€ 01l
0.10215€ Q1
0.19794€ 01
0.59144€ 0!
0.60917€ C1



11

19

17
18

20

22

23
24

25

27

36

APPENDIX C

Program for V2 - Shed Wake

DIMENS ION PSE(36L1),51PSTI(361),S2PSL(361),S3PS1(361),54P51(361),

1 AQUAY(2)),BQUAY(20])
COMMON PSI,SIPSI1,1,L¢K,DEPSI,AQUAY,BQUAY,AZERD
READ INPUT TAPE 4,3,LyNP,KL,I1,QT
FORMAT (412,£13.8)

READ INPUT TAPE 4,5,CMU,AMBOA,EM,DEPSI,OELPHI,DELTA,K,1J

FORMAT (3F8.3,3E13.8,13,12)

READ INPUT TAPE &, T,EN,IK

FORMAT (EB8.3,12)

READ INPUT TAPE 4,9,GAMMA, IL

FORMAT (E13.8,12)

READ INPUT TAPE 4,7,ELK,IM

READ INPUT TAPE 6,12,X
FORMAT (E8.3)

PSI(1) = 0.0

WRITE OQUTPUT TAPE 2,15,EMU,AMBDA ,EM,EN,GAMMA ,ELK, X

FORMAT(O6HIMU = F6,3,12H4 LAMBDA = F6.3,7H M-

F6.3,7H

1 F6.3,11H CAMMA = FB.5,TH L = F6.3,7TH X = F6.3//777)

00 53 J = 1,K
ALPHA = 0..
RETA = 0.0
2€TA = 0,0
ETA = 0,0
SPH] = 6.2831852¢EM+PSI(J) o GAMMA
EPHI = SPHI + QT
PHI = PSI(J) ¢ GAMMA
ASSIGN 22 TO JJ
D = EMUe(SPH] - PHI)
1 = AMBDAe(SPHI-PH])
Pl = loe2¢{XoSINFIPS]I(J)-PHI) ¢0eSINF{(PH]) )ee?2
IF (P11} 90,900,220
RHO = Xes2¢7ee02¢4Dee2-2 ,0000xeCOSFIPSI(J))

SIGMA = RHO+ELK®e2-2 00XOELKOCOSFIPSI(J)-PHI)¢2,.00DeELKeCOSF(PH])

THETA = DeCOSF({PHI) -XeCOSFIPSI(J)-PHI)

TAU =((XeSINFIPSTI(JI-PHI)+DeSINFIPHI)I/PI ol (ELK*THETA)/SQRTF

1 (STIGMA) - THETA/SQRTF(RKO))
GO TO JJ o (22:25430,35,40,45)
ALPHA = ALPHA ¢ TAUeCOSF(ENOPH])
BETA = BETA ¢ TAU*SINF(ENePH])
PHL = PHI ¢ OELPH]
ASSIGN 25 TO JJ
IF (PHI-EPMI) 18,23,23
PHI = PHI - DELPHI
ASSIGN 35 10 JJ
GO TO 18
ALPHA = ALPHA ¢ &, 0eTAULCOSFIENPHI)
BETA = HETA ¢ 4,00TAUeSINF(ENOPH])
PHI = PHI ¢ DELPHI
[FL{EPHI -(PHI ¢0.S5eDELPHI)) 17,17,27
ASSICN 30 T0 JJ
GO 10D 18
ALPHA = ALPHA ¢ 2,0eTAUe(COSF(ENSPHI)
BETA = BETA ¢ 2.0eTAUsSINF(ENePH])
PHL = PHI ¢ DELPMI
ASSIGN 25 10 JJ
GO TO 18
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3% ZETA = ZETACTAUSSINFIENS(PSI(JI)-PHI))eCOSF(EN*PSI(J))
EYA = ETA ¢ TAUSSINF(ENe(PSTI(J)-PHI))eSINF(ENPSI(J))
PHI = PHI o DELTA
ASSIGN 40 TO W
IF (PHI -SPHI) 18,4 50,50

40 LETA = ZETA ¢4.00TAUSS INFEN (PSI(J)-PHI))eCOSF(ENePSI(J))
ETA = ETA ¢4, 00TAUSSINF(ENS(PSI(JI)-PHI))oSINF(ENePST(J))
PHI = PHI ¢ DELTA
IF (SPHI —(PHI ¢0.5eDELTA)) 44,44,43

44 PHI = PHI - 0.5eDELTA
ASSIGN 35 TO JJ
GO TO 186
L ¥ ASSIGN 45 TO JJ
GO 7O 18
45 LETA = ZETA ¢2.00TAUCSINF(ENS(PSI(J)-PHL))eCOSFIENPSI(J))

ETA = ETA ¢2.00TAUSSINF(ENCO(PSI(J)-PHI))oSINF(ENePSI(J))
PH]l = PHI ¢ DELTA
ASSIGN 40 TO JJ
GO 70 18
50 SIPSI(J)= (DELPHI/3.0)eALPHA
S2PSI(J) = (DELPHI/I.0)eBETA
S3PSI(J) = (DELTA/I.0)eZETA
S&PSI(J)= (DELTA/3.0)eETA
PSI(J¢l) = PSI(J) ¢ DEPSI
53 CONTINUE
IF (kL) 55,60, 60

55 WRITE QUTPUT TAPE 2,56
56 FORMAT(B2MHOPSI S1PSI $2vS1
1 S3Psl SePS1)

00 59 J = 1,K,NP
WRITE OUTPUT TAPE 29S5TyPSI(J)oSIPSI(J),S2PSI(JI),SIPSI(J),S4PSTI(Y)
59 CONTINUE
57 FORMAT (1K E14.6,4E18.6)
60 1 =3
CALL HARNAL (PSI,S1PSI)
WRITE GUTPUT TAPE 2,61
61 FORMAT ( 1HO//7/76H0SLPSL///771)
CALL PRINCE(L,AQUAY,BQUAY,AZERD)
CALL HARNAL (PSI,S2PS1H)
WRITE OUTPUT TAPE 2,63
63 FORMAT (1HO////76H0S2PS1/77777)
CALL PRINCE (L,AQUAY,BQUAY,AZERO)
CALL HARNAL {PS1,S3PSI)
WRITE OUTPUT TAPE 2,65
65 FORMAT (1HO////76K0SIPSL//7717717)
CALL PRINCE(L,AQUAY,BQUAY,AZEROD)
CALL HARNAL (PSI,54PSH)
WRITE OUTPUT TAPE 2,67

67 FOXMAT( 1HO////76H0SAPSL/ 7717 1)
CALL PRINCE(L,AQUAY, BGUAY,AZERD)
80 I = [N -]
IF (Im) 82,82,11
82 =1L -1
IF (IL) 84,84,10
a4 IK= |JK -1

IF (IK) 86,86,8



86 Iy = 14 -1
IF (1J) 88,88,6

88 m=11-1
I= (11} 92,92,4

90 WRITE QUTPUT TAPE 2,91,PHIPSI(J)

91 FORMAT(L1HO////7722H SINGULARITY AT PHI = E15.6,10H PSI(J) = EL15.6)
GO 70 20

92 caLt EXIT

END(L19 Q9040409090409 09140,340492,0)
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SUBROUTINE PRINCE(L, AQUAY,BOUAY,AZERO)
DIMENSION AQUAY(20),B8QUAY(20)
WRITE OQUTPUT TAPE 2,5,ALERQO
FORMAT(1HO///10H0A-ZERO = E18.8)
D0 9 J = 1,L
WRITE OQUTPUT TAPE 2,7,J,AQUAY(J),4JsBQUAY(J)
FORMAT(3HOA-12,3H = E18.8,10H B-12,3H = E18.8)
CONTINUE
RETURN
END(190y0904090909Gy0,y1,0,042+99,0)
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SUBROUTINE HARNAL (PSI,FPSI)
DIMENSION PSI(361),FPSTI(361),AQUAY(20),B8QUAY(20)
COMMON PSI FPSI 41 4LyKoDEPSI,AQUAY ,BQUAY,AZERO
KN=K=3
R=1.0
GO TO (5,35,5),1
5 GRAL = FPSI(1) + FPSI(K) +4.0eFPSI(K-1)
00 12 "’2'K~'2
12 GRAL = GRAL +4.,NaFPSI(M) ¢2.0«FPSI[(M+])
AZERO = (DEPSIeGRAL)/9.4247778
Q=0.0
D0 25 J=1,L
0=Q +1.0
GRAND = FPSI(1)eCOSF(QePSI(1)) ¢FPSI(K)eCOSF(QePS]I(K))
1 4. 0eFPSI({K-1)eCOSF(QePSI(K-1))
D0 20 M=2,KN,2
20 GRANC=GRANUD +4.09COSF(QePSI(M))eFPSI(M)
1 +2.00FPSI(M+1)eCOSF(QePSI(Me]1))
AQUAY(J) = ((2.0eDEPSI1)/9.424T7T778)eGRAND
IF (I-3) 25,22,22
22 AQUAY(J)=AQUAY(J)/2.0
25 COUNTINUE
IF(1-3)49,34,34
34 AZERO =AZ2FR0O/2.0
R =0,.5
3 p =0.0
00 43 J =1L
P =P +1.0
TGRAL = FPSI(1)eSINF(PePSI(1)) ¢ FPSI(K)eSINF(PePSI(K))
1 +4.0eFPSI(K-1)eSINF(PePSI(K-1))
D0 42 M 32,KN,2
42 TGRAL =TGRAL +4.0eFPSI(M)eSINF(PePSI(M))
1 +2.00FPSI(M+]1)eSINF(PePSI(Me]1))
BQUAY(J) =((2.00DEPS1)/9.4247778)eTGRAL *R
43 CONTINUE
49 RETURN
END(1,0,040,040+0,00051¢0,0+9,0,0)
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L VIR .100

[ Y]
+« 00000NE
«130900¢
«+26179SF
. 392699¢€
«3523599¢
« 6504 98F
185398 E
.916298¢€
.104720¢€
.117010¢
«130900€
. 143990€
. 157T080F
.110170¢
.183260¢E
. 196350¢
« 209439
.222529F
L2356 19€E
.248709F
< 261799¢F
.2164889¢
.287979¢€
+«301069¢
. 314159¢
«327249¢F
.340339¢€
«353429¢
« 36651 9E
«3T19¢ U9F
+ 3920 99¢
. 405TB9E
+418879E
«43196S¢E
«445059F
<4581 49¢F
.4T71239¢E
. 484329F
.A9T7419¢
.510%09¢
«523599¢
«536689E
.549779¢
. 562869¢
«5T5959¢F
« 58904 9¢€
.002138¢€
.615228¢€
.6283] 8C

LAMBOA =

Typical Results from Program of Appendix C

.05%0

siesi

-10%1)%€ 01
«1656%SE O1
«137994E 01
. 345929€¢ 00
-.0829141€ 00
-+ 166583 01
~+.199575€ 01
-.18%742€ 01}
-.1388T74F O
-.7408817€ 00
-.835152€-01
-495588E 00
«927763E 00
«119757¢ 01
.131290€ 01
. 129684F 0}
.1182%1€ 01
.100283€ 01
.785149F 00
.551892¢€ 00
«321984¢ 00
.110859¢ 09
~.625045€-01
-.213100€ 00
-.315217€ 00
-+37692v€ 00
~.4027J386€ 00
-.400%02¢ 00
~-.3R1425¢ 00
-.357728¢8 OC
-.342135€E 00
-. 345781t 00
-.3176096¢ 00
-.4)4385¢ 00
-.%513372¢€ 00
-.%96%14t 00
-.657894€ Q0
-.664%534F 0O
-.%5087656F 00
~.416734E 00
~.16954CE 00
.1050863E 00
.3316860€ Q0
.Al/621E 00
.331'392¢ OO0
.110717€ 00
-.3337%4€-01
.263967¢ Q0
.10%104€ 01

APPENDIX D

3.000 N e

$2PS |
-.226098¢-01
.789388F 00
«173813 01
«212482€ 01
<175237€ 01}
. 864239¢€ 00
-.18840808E 00
-.113131¢f 01
-.180721€ 01
-.215793F Ot
~.2190689F 0O}
- 19a7a7€ 01
-.161939¢ J1
-« 117344 01
-.T14832¢ 00
-.292644F 00
«64169E-01
.341306¢ 00
«839211€E 0
.660338¢ 00
.7T11423€ 00
.102372¢ 00
. 645488 00
.5344 13 00
«4431T77E OC
. 32%388¢ 00
. 213348€ 00
«1169% € 00
«4625131€-01
-.814991€-02
-.382770€-01
-.5639650-01
~.7616894E~-01
-115297€ CO
. 192330 Q0
322670 00
.513527€ 00
«155T606F 00
171683 01
«124375F 0O
L137611E Ot
.136C845 01
< 11740% 0]
.840795C 00
.452993F 00
< 1667748 00
1222428 00
./ 264848 00
22%143E-01

+
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3.000

GAMNMA = O,

SIPSIE
.370212¢ 01
«3358083¢ 01
«2%2405€ 01
.134130€ 01
- 307796E-00
-.129471¢€ 01
-.235285%€ 01
-.302661€ 01
-.322872€ 01
~+294419¢ 01
~«222760€ 01
-.119383€ 01
-.130290€-05
- 117746€ 01
«216741€ 01}
«202724€ 01
«306199¢ 01
«203693 01
.218232F 01}
.118967¢ 01
.291089€-05
-. 121469t 01
-.2274%3¢ 01
-.301686€ 01
-+331997€ 01
~.312249t 01
-.243533€ 01}
~-+.134402E€ 01
-.557887TE-05%
.1398%9t 01
.263514€ 01
«350799¢ 01
«386409€ 01
«362726€ 01
«281524€ 01
.1541%1€ O1
.887411€-09
-. 156552 01
-.290264F 01
-+3794]15€ 01
-.409642€ 01
-.3TAM32E O1
~.285H40.E 01
-.193365E 01
-.111090€-04
- 148993 01
.270988€ 01
«348129€ 01
«-370212¢ 01

L=

SapsSt
.000000€ 00
«139127¢ 0Of
«25240%€ 01
«323817€ 01
. 344204F 01
«.3125%72€ 01
.235205¢ 01
.125330¢€ 01
«T69TOTE -06
-12195%2¢€ 01\
.22273%9¢€ 01
.200217E 01
. 309508¢ 01
«28426%¢ 01
<218741E 01
-117106€ Gl
«165399€-0%
.117509¢€ 01}
.218232¢€ 0!
.207212¢ 01
«313809€ 01
-293252¢ O
«227654€ 0}
«124963€ 01
-387114F-0%
«129337€ 01
.243533¢ 01
+J244T3E 01
.3%50269¢ 0]
«337650¢ Ot
«263%15¢€ 0L
.145306€ 01
-.0693832€-0%

.150245¢ 01

.281%23¢c 01

.372151¢t Ot

. 4063060 01I

«3779%3¢€ 01

«290265F 01

157160~ 01

«991923€ -0
-.15%922¢ 01
-.285799¢ 01l
-.369529f 01
-.394975¢ 01
-« 359705F 01
=«270989E 01
-.144201¢ 0l
-.1129%2¢€-0¢

1.000



S1PSI

A-1ERQ = -.21411513€-01

A- 1 = -.25145815€-01 B- 1 = .29183535€ 00
A- 2 = .10111784€ 00 8- 2 = -.63340063F 00
A- 3 = «62900431€ 00 3= 3 -.27584056€ 00
A- 4 = 28164475 00 B- & = .23914435E 00
A- 5 = .91548303E-01 B~ 5 = .35043467€E 00
A- &6 = «22174516E-01 G- 6 = .260881925€ 00
A- T = .18064930E-02 B- T = «17496643E 00
A- 8 = -.47383640€-02 B- 8 = .11087642E€ 00
A- 9 = -.60423293E-02 8- 9 = .70610853E-01
A-10 = -.50286448E€-02 B-10 = ,45%569707F-01
S2PS1

A-1lERQ = -.22339575€ 00

A- 1 = -.23005702€ 00 B- 1 = .11047615€E-01
A- 2 = .90 764877 00 B- 2 = .13577742€E 00
A- 3} = .51%593588€ 00 8- 3 = .65914144E 00
A- & = -.91504155€-01 B- & = . 30250693E 00



»
[]
o
[ ]

»
[
U]
[}

»
]
—
o
]

S3PSI

»
[]
-~ o

»
]
®

S4PS1

-+26919181€ 00
-+22367084E 00

-+.14919041€ 00

-+95658010€E-01

-+50439077€-01

=e37174831€-01

-.14096730€-02

-+ 17254469E-01
«96945646E-01
«35455516€ 01
«96940739€-01

-«17257415€-01

-.14103765€E-02

»17204632€-0%

«36669273E-05
-«11167592€E~05

-+13137857€-05

o -]
[}
-4 [ W L w ~N

«10419498E 00
«29961998€-01

«66204493E-02

~+2267T7T273€E-02

+51788870E-02

«502708204E-02

«946808194€E-02
«264101576€ 00
«31801561E-05

-«24099350€ 00

~+92455038E-02

«15222281€-02
«22320531€-03
«21800398E-04
«2998444TE-05

«50332809€E-06



«15222061€-02
-e¢90223721E-02
-.24097212€ 00

«31818117F£-05
«24099442F (O
«92456488E-02
-«15222091€-02
-+22318876E-03
-«21850483E-04
~¢29959611€E-05

=+43792856E-06

8- 1
B- 2
B- 3
B- &
B- 5
8- 6
8- 7
8- 8
B- 9
B-10

-e17259163F~01
«96937053€-0.
«35455525€ 01
«96941967E-01

-.17256195€E-01

-.14090571E-02
¢« 29909941E-05
«48826136€E-05
«1423888TE-06

«29802321E-07



MU = «100 LAMBDA = «050 M= 3,000 N = GAMNA = 2,09439 L= 1.000

PSl S1PSI S$2PS1 $3PSl S&4rsS|
-000000E 00 -.176251E 01 -.460854¢ 01 «427235€ 00 -.000000€ 00
«130900€ 00 «8352773E 00 -.442948E 0} +437500€ 00 .181218E 00
«261799€ 00 «277902E 01 -.31%93%0€ Ol «365599€ 00 «365599€ 00
«392699E 00 «362160€ 01 ~«129776€ 01 «212636E 00 «513401F 00
«%923599€ 00 «333976€ 01 .526938¢ 00 « 5235265€-07 «587499€ 00
«054498€ 00 «226321E 01 «180143E 01 -«233641E 00 -564059¢ 00
. 785398 00 «854271€ 00 «23%52%9€ 01 ~.440703E 00 +«440703¢ 00
«916290€ 00 -+521477E 00 «2247T39€ 01 -«57T057¢ 00 »239025F 00
«1064720€ 01 ~.162598€ 01 +164394E 01 -« 614214E 00 «146440€-006
+L1T810E 01 -.232530€ 01 -T7T30749€ 00 -.547350€ 00 ~.226T720€ 00

-.30383%9€ 00
-.129252€ 01
~.210134F 01
-.263519€ 01
-.283232€ 01
-.266998E 01

-<396272¢€ 00
-.198952€ 00
~<199160E-06
«161743E 00
«262288E 00
«299768E 00

-.396272¢ 00
-.480312€ 00
-.473132€ 00
~+390483€ 00
-+ 262280€ 00
-«122311€ 00

.130900€ 01
.143990¢ 01
.157080€ 01
.170170€ 01
.183260€ Of
.196350€ 01

-.257300€ 01
~+239060€ 01
~.104965E 01}
-.105060€ 01
~.112093E 00

.822766€ 00

«209439€ 01 .159031€ 01 -.220080€ 01 -2T1990€ 00 -.146920€-06
«222529€ 01 «20T161€ 0Ol -.158685E 01 «210337€E 00 «871262E-01
«235619€ 01 «230094€ 01} -.102799€ 01 «132819€ 00 «1320819€ 00
« 248709E 01 «245052€ 01 -.557643E 00 +«584514E-01 «141114€ 00
«261799¢ 01 «257906€ 01 «T97394E-02 «113471E-06 «122327¢ 00
«274889E 01 «252257€ 0O} « 7633808 Q0 -+368696€-01 «890114£-01
«207979E 01 «215263€ 01 «155176€ 01 =+326378€E-01 «526379€-01
« 301069t 01} «152238€ 01 .218071€ 01 ~<.519451E-01 «215164C-01
«314159€ 01 « T44409€ 00 «25T4T9E 01 ~.413118E-01 +481702€-07
«327249¢ 01 --118706E 00 «271895E 01 -.2T71140€E-01 -.112309€E-01
+340339€ 01 -.100682F 01 «258600€ 01 ~«141600E-01 -.141600€-01
«353429€ 01 -.181043€ 01 +219059¢C 01 ~+500830E-02 ~«120910€-01
+366319€ 01 -.245371€ 01 .162817€ 01 -« 129732€-07 -.0833124€-02
«379609€ 01 -.296411€ 01 .958141¢ 00 +214604E-02 -.310100€-02
«392699¢ 01} -+ 334736€ 01 «101378€ 00 «340816€-02 -+340817€-02
«405789€ 01 ~+346031€ 01 ~.999479E 00 -« 546964E-02 -« 226562F-02
«418879€ 01 -+314044E 01 ~.221805%€ 01 «0891130€-02 ~-.160010€-07
«431969€ 01 =+ 234584€ 01 ~.333330¢ 01 «127889€-01 «529731£-02
«445059€ 01 ~«113711E 01 -.414199€ 01 «187153E-01 «14T153€-01
«458149€ 01 «355061€ 00 -.448046€ O1 « 114640€-01 «2T76763€-01
«471239¢ 01 «194124E 01 ~.424013E 01 « 9051 79€-07 «414645€-01
«484329€ 01 «339579¢ 01 ~+.338100€ 01 -.212603€-01 «313272€-01
«497419€ 01 «447106€ 01 -+.193849¢€ 01 =«3512535€-01 «512%538F-01
«510509€ 01 «491222¢ 01 - .4563008€-01 —+854T44E-01 « 35404 9€ -01
«323599€ 01 «450134E 01 203883 01 ~.115925€ 00 «280706E-06
«536689€ 01 «313576€ 01 392783 01 -.132068€ 00 ~.567061€-01
«349779€ 01 «918791€ 00 .515602€ 01 -.122871¢€ 00 -.1228T1€ 00
«562069¢ 0L -.177378€ 01} «329309¢€ 01 -.197667€-01 -« 192572€ 00
«375959E 01 -.429857€ 01 .411101€E 01 —e 694342E-06 ~.246869 00
.589049€ 01 -.587307¢ 01} «177368€ 01 «110492€ 00 -.266753€ 00
«602136€ 01 ~.389066E 01 -.10%259€¢ 01 «235764€ 00 -.235765¢ 00
615228 01 -.4316T4¢ 01 -.342061€¢ 01 «351090€ 00 -.145427€ 00
.628318€ 01 -.1T76254E 01 -.4608954E 01 - 427254€ 00 -.130356€-0%
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S1PS1

A-ZERQ =

A- 1 =

»

[}
W N
L]

»
'
»
"

S2PS1

~e4%2709232E-01
-.21139412E€ 00
-+37111007€E 00
~.11801338E 01
-+21306370E 00
+49026115€E-01
«87392528¢E-01
«57828449F-01
«17061530C-01
+23163780E-01
«322637208€£-02

-.23103523¢ 00
-.11731506E 00

.13110791€ 01
~.25415402E 01

-.18638599¢€ 01}

59

< ]
[
-~ O WV & W N

(-]
]
-}

8-10

«21096176€
-<1178059iE
«275261765E
«19521114€
-80651021E
«26319832E
«18LT70567¢E

« 7492851 6E-
«97607718E-
«12639331€-

00
o1
o1
ol
00
00
00
02
02
o1

-.12839404€ 00

-+«34214275 00

-.12022938F 01

~.21291893E 00



A- 5 = ~«T7360434E 00 8- 5 = «31124090€-01

A- 6 = ~ 22494183 00 B- 6 = «T77201430€~-01
A- 7 = -.18027032¢ 00 BR- 7 = «54323212€E-01
A- 8 = «56673586E-02 B- 8 = «11827571€-01
A- 9 = -.53487776E-02 -9 = «23232483E-01
A-10 = -.98697685E-02 8-10 = «40925261€-02
S3PSI

A-ZERQ = ~¢52T49978E-02

A- 1 = ~+61597183€-02 8- 1 = -+33950984E-01
A- 2 = «10176542¢ 00 B- 2 = -.10989538E 00
A- 3 = -« 246601708 00 B- 3 = «22481971E-04
A- & = «101662375F 00 8- &4 = «10986031€ 00
A- 5 = ~+57524160E-02 8- 5 = «33329481€-01
A- 6 = -«52747615€-02 8- 6 = «19136677E-02
A- 7 = -.40681027€-03 B- 7 = -+62015753€-03
A- 8 = «993504062€E-04 B- 8 = -+33505829€E-04
A- 9 = - +79803994E-06 B- 9 = « 2250711 7€E-04
A-10 = -¢53294932C-05 8-10 = -.15441845E-05
S4PSI

60



A-ZERO
A- 1 =
A- 2 =
a- 3 =
A- & =
A- 5 =
A- & =
A- 7 =
A- 3 =
A- 9 =
A-10 =

«19134452€-02
«32710506E-01
«10982835C 00
«22678504F-04

-.10986342€ 00
-+33331998£-01
-.19132220€E-02
«62032366£-03
«33542513F-C4
—e22433904FE-0"

«157688B43F£-05

61

g- 1
8- 2
B- 3
8- 4
R- 5
B- 6
GRS §
8- 8
R- 9
8-10

]

-.53463580E-

+10156655¢E
«24660312F

«10167123E

-+57536605E-
-+.52752415E~
-.40656083€E~

«99517556€E~
~.6209851 7€~

-«51412109€E-

02
00
00
00
02
02
03
04
06

05



APPENDIX E

Program |l with Typical Resuits

DIMENSION PSTI(0),ANG(SO)ZETA(6),TW(50),T(6,50),C0(50),51(50),
1A(20),8(20)
COMMON ELEMU,AMBDA,ETA

] READ INPUT TAPE 492,119 IKyNZyNHKyDEPST,AQ
2 FORMAT(312,213,€E13.84E8.3)
IN = N7

CON = 6.,2831852/1IN
ZETA(1)=0.0
00 10 I = 2,N2
10 ZETA(1)=ZETALI-1)+CON
PSI(L) = 0.0
DO 3 J = 1,k
ANG(J)}=5T7.295781ePS1(J)
COtJ)=COSF{(PSI(J))
SI1(J) = SINF{PSItJ))
PST(Jel)=PSILJI)eDEPSI]
READ INPUT TAPE 4,5,EMU,AMBDA,I1J
FORMAT (2EB.3,412)
READ INPUT TAPE 4,5,EL,ETA
BLE=AQe (EL~ETA)
WRITE QUTPUT TAPE 2412,NZEMU,ANMBDALEL,ETA,DEPST
12 FORMAT (1HY 12,14H BLADES MU = F6.3,11H LAMBDA = F6,.3,6% L -

[ Y R V)

1F6.3,8H ETA = F6.3,13H DELTA PSI = FR,5/1HO/66MH PSI T0TA
2L WAKE CONTRIBUTIONS FROM INDIVIDUAL BLADES/1HO)

00 30 J = 14K

TH(J) = 0.0

00 25 1 = ],N2Z
PZA=PSI(J)+ZETA(L)
IF(I-1) 13,13,16
13 THNUsEMUCCO( J)
THDE=EL¢EMUeST(J)
1F(ABSF(THDE)=-.00001) 20,14,14%
14 DELTA=ABSF(ATANF{THNU/THDE))
[FITHOE) 15,115,115
15 OELTA=3,1415926-0FLTA
115 IF(THNU) 116,117,117
116 DELTA = -~ DELTA
117 T(lyJ)=(1.0-SINF(DELTA))/({EL-ETA)eCOSF(DELTA))
GO 10 22
16 CALL OUDL(SI(JI)yPST{J)4PZAKER,PHI)
PLP=PZA-PH]
IF(KER=2) 17,60,17
60 WRITE QUTPUT TAPE 2,61,ZETAL(])
GO 7a 20
61 FORMAT (25HONOC CONVERGENCE AT ZFTA = F10.7)
17 D = EMUeP?P
I o (AMBDAePIP-BLE)ee2
ERN = ELoe2~(DeS[(J))es2
IF(ERN} 20,421,211
20 TilyJd) = 0.0
GO 10 22
21 ERN = SQRTF({ERN)
YE=DeCO(J)+CRN-ETA
THNUe~-EMUSCOSF(PHI)
THDE=EL+EMUSSINF(PHI)
IF(ABSF(THDE)-,00001) 20,70,70
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70 PSO=ABSF(ATANF(THNU/THDE))
IFI(THOE) T1,724.72
T1 PSD=3,1415926-PSD
T2 IF(THNU) T3,74,74
73 PSD==PSD
T4 OELTASPHI-PSI(J)=PSD
UTT=sYE«COSF(DELTA)
TilyJ)=22,08UTT/(2L4UTTee2)
22 TW(JIaT(1oJd)¢TW(J)
25 CONTINUE
30 WRITE OQUTPUT TAPE 2933,ANG(J) o TW(J) o (T(1,J)yI=1,N2)
CALL HANEW(PSI TWyKyNHyOEPSI¢AZERD,A,8)
WRITE QUTPUT TAPE 2,44 ,AZEROy(NoA(N) ¢yN¢B(N)yN=]1,NH)
&4 FORMAT(1BHIHARMONIC ANALYSIS/1HO/9HOA-ZERD =E12.3/(3HOA~12,1Hr €
llZ.S.SX.3H 8‘!29‘“' 51205),
PUNCH 101 ,)AZERO¢(A(J)oJ=1yNH)(B(]),y[=]1yNH)
PUNCH 1004 (TW(J)yd=1,K)
100 FORMAT(6E12.5)
101 FORMAT({5El14.T7)
=13 -1
IF(IJ) 53,53,6
53 IK = [K -1
IF(IK) 54,54,4
54 I{ =11 -1
IF(LI) 5695641
56 CaLL EXIY
END(1¢0¢0¢09090404040140404040,0)
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10

SUBROUTINE OUDL(SIPSIsPZAJKER,PHI)
COMMON EL,FMU

NC = |

KER = 1

ClsEMUeS]

PH] = PS|
FFOD=Cle(PHI-PZA)+ELOSINF(PHI-PSI])
EFPUN=Cl+ELeCOSF(PHI=-PSI)

ADO = EFOD/EFPOD
IF(ABSF(AD)=-.00001) 10,1044

NC = NC ¢ 1

lF(NC'lO) 8'8'6

KER = 2

GO0 70 10

PHI = PH] - AD

GO T0 2

RETURN
END(1¢09090909090¢04041,0,0,0,40,0)
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SUBROUTINE HANEWN(PSI gToKogNHyDEPSI,AZERO,A,B)
OIMENSION PSI(50),T(50),A(20),8(20),W(50)
Q = DEPSI/9.42647778
AZERO = T(1)+T(K)*4,00T(2)
00 2 Il = 14NH
A(ll) =0,0
8(I1) = 0.0
Wil)=],0
W(K)e=1,0
W(2)=4,0
KKK = K = 1]
00O & JJ = 3|KKK92
W(JJ)=2,0
W(JJel)=4,0
AZERO = AZERQO ¢2.00T(JJ)*4,0eT(JJ¢])
CONT INUE
AZERQ = 0.5¢QeAZERO
00 8 Il = 1, ,NH
FLL = I
DO 10 NB = 1,K |
ACLT)=A(IT)*W(NB)eT(NB)COSF(FLL*PSI(NE))
B(IT)=B{IT)+N(NB) -T(NB)eSINF(FLLePSI(NB))
A(LIL)=QeA(ll)
B(IL) = QeB(II)
CONTINUE
RETURN
END(190¢9090¢0¢0¢0¢09051904040,0,0)
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<029

L = 1,000

ETA =

«930 DELTA PS| =

CONTRIBUTIONS FROM INDIVIOUAL BLADES

4 BLAGES AU = ,200 LARBOA =
PSS! TOVAL WAKE

0. 26,93724 16.39608
1%.0 28,52674 16.66103
30.0 31.7595% 17.09723
45,0 37.94855 17.67494
60.0 351.02715 18.3671719
15,0 4%5.90268 19.15115
90.0 26,7%162 20.00000
105.,0 -22000051 20.0'6‘1
120,0 -3.02990 21.77728
135,0 2.99334 22.63091
1%0.0 T7.34009 23.39%80
165,0 9.85217 26.,00812
180.0 11.106084 24.394608
195.0 11.22926 24.48540
210.0 10.05849 24,21600
22%.0 6.01985 23.563081

NO CONVERGENCE AT ZETA = 4,7123889
240,0 6.36870 22.56473
2%5%.0 16.89822 2132429

NO CONVERGENCE AT JETA = 4,7123889
270,0 ~8.32543 20.00000
285,0 14,77329 18.75796

NO CONVERGENCE AT ZETA = 4,T7123889
300.0 38.60882 17.72678
315.0 35.21124 16.97518
330.0 28,38611 16.51800
345,.0 26,71420 16.33622
360.0 26,93724 16.39608

5.54507
6.08984
7.18731
9.07674
12.7933)
21.52012
27.703606
-29.712%7
-16.,90221
-11.81830
'9.“"2
-8.!6925
-1.,7625
~T.46246
-7.82017
-8.8055%6

~10.91124
-15.67933

=19.196%93
20.03869

10.6423%0
T.17173
5.84963
5.43521
93.354307

2.96902
3.37927
4.24545
5.96833
9.89772
15.14319
~15.,42452
’°097°72
-6,17026
-4,080810
-~o°6‘56
-3.64970
-3.46602
-3,47990
-’.?1366
-6.25386

=5,26400
-7002600

-’0‘2003
-9.07433

10.2393%%
5.053%6
3,37712
2.92168%
2.96902

2.02708
2.39660
3.2995%6
5.22854
9.9068)32
‘9.91178
-7.5275%2
-‘099569
-3.73408
-3.01116
-2.57856
-2.33700
=2.240696
-2.31385
-2.62368
°3.60§55

0.
18.27926

0.
~14,94902

0.

6.01077
2.64136
2.02112
2.02708

«26180



HARMONIC ANALYSIS

A-1ERO = L1BOBTE
A- 1= ,15947€ 02
A- 2= ,29015€ 01
A- 3s -, 11550€ 02
A- 4= -,35911€ Ol
Y= 53 L44264E 01
A= 6= .19471E 01
A- 7= ~,18754E 01
A- 8= L28111E 00
A- 9= ,34981F 01
A-10= -,12456F Ol

02

8- 1

8- 2

8- 3
ba

B- 5

o
)

«91212E

«62804E

'011791E

-073613E

«16926E

« T4949E

’ol9209£

‘0565575
«24231E

«34025¢E

67

00
o1
o1
0l
01
01
o1
o1
01

01



CONVERGENCE AT ZETA 3.1415926
300.0 T.77835 -2.95908 0. 0. 10.73743

CONVERGENCE AT 2ETA = 3,1415926

CONVERGENCE AT ZETA = 4,7123889

315.0 -13.50982 -2.72228 -10.78755 0. 0.
CONVERGENCE AT ZETA = 4.7123889

330.,0 20.00500 -2.62685 14.51674 8.11511 C.
345.0 20.80732 -2.63173 15.87829 &,T3445 2.82631
360.0 23.23921 -2.70813 17.66847 5.29967 2.97920
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HARMONIC ANALYSIS

A-ZERD = -,T3798E

A= 1=
A- 2=
A- 3=
A~ 4a
A- S=
A- 6+
A- T=
A- fw
A- 9s
A-10e

«9TTT3E
«T73915E
.10012¢C
« T60T8F
«30506F

o&4T120E

-.38262E
-+ 63643E
-¢53324E

-+30983E

01
01
02
01
01
co
01
01
01

ol

01

B- 1=
B- 2=
B- 3=
B= 4=
f- S=
B- 6=
B~ 7=
B- 8=
B- 9=
B-10=

-.91342E
.48276E
-40065E
«30608&31
e16712E
«13112€
«13126E

«59635F

-+.40836E

-.61389E
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10

11

12
13

i5
16
17

18
20

22
23

APPENDIX F

Program lil with Typical Results

DIMENSION ETA{L10),THETALL10)4FU10),G(10),PSI(50) ANGI50),SI(5C) ,CO
1(50),CT{50)45T(50),CTT(50),STT(50),C(21),D(50),A(10,10,21),B(10,10
2¢50040(20421)42020),TIMES(10) ELAM{10,21),PLI10,50),6C{10),65(10),
JELC(B),ELS(BY

FURMAT{EL1Y.8,4EB.3,613)

N2= NH/2

MN = M ¢]

RO8 = }1.0/BOER

DEMU = 0.5eEMU

E2M=zQ,.5¢EMUSEMU

READ INPUT TAPE 4,4, (ETALT) THETALT) o FUI),GlI)y1=1,M)

FORMAT (4EB.3) ' T

PSI(1)=0.U

I = 0

DO 6 J = 1,KP

ANGiJ)=57.2°<"B1epPS1(J)

CO{J) = COSFIPSI(J))

SI(J) = SINFIPSILJ))

CT(J) = COSF(2.09PSI(J))

ST (J) = SINF(2.0ePST(J))

CTT(J)=COSF(3.0ePSI(J))

PStlJel) = PSICJI) ¢ DEPSI

STT(J) = SINF{3.0ePSI(J))

DO 7 1JI = 1,M

TIMES(IJI) = FTACLJI)eTHETA(IJI) . . o

DD 201 = 1,M

00 13 J = 1,MN

READ INPUT TAP” 4,B8,1Al1,J,K)yK=1,NH)

READ INPUT TAP: 4,9,(B(1ysJeK) K=1,KP)

FORMAT(5E14.7) h

FORMAT (6€12.5)

GO T0O (13,10),12P

READ INPUT TAPE 4,B8,(C(L)yL=1yNH)

RFAN INPUT TAPE 4,9,(D(c),L21,KP)

00 11 K = 1,NH

A(loJ'K' z A{lyJeK) ¢ Cik)

DO 12 L = 1,KP

8{T,J,LT = Bll,JsL) ¢ O(LY ) o

CONT INUE

Q{I,MN}=RODeT ANMU

DO 18 N = 1,M

D0 15 K = 1,NH

A{T N,K) = AlLT,N,X) "\‘l.“’l_'K)

DO 16 L = 1,kp i

8(I.N.L)= B(IQN'L)‘B(lef‘vL)

Q(l'N”A(|.V'l)

IFCI-N) 18,17,18

QUI,N)=Q(I,N) ¢ ROB

QEI,MN)=0(T,MN)*A(TI,N, 1) TIMESIN)

CONTINUE - ’

CALL CROUT(JJ,M,Q,2)

1FLJ)) 24,24,22

WRITE QUTPUT TAPE 2,23

FORMAT{3IBHINDO SOLUTION--DIAGONAL ELEMENT = 2€20,)

GO TO 64
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24

25

26

_28

3C
35

42

43

44
41

45

46

47

49
50
52
564

56

I’COIIX'QHLS'S'll‘y“HLb'C'llXp“HLb_’i/!

WRITE OUTPUT TAPE 2,25, (ETA(I),1=1,M)

FORMAT (28H1LOAD COEFFICIENTS FOR FTA =49(F6.341H,y)//)

"WRITE QUTPUT TAPE 2,264 10, (2 (1)y1=1,M)
FORMAT (1 3HOHAKMGNIC NO. ,12,9F13.5)

DN 28 K = 1,M

TIMES(K)=BOCR® (TIMFS(K)=-2(K))

DO 35 J=2,NH

ID = 4 -1

DO 30 I = 1,M
ELAM(I,J) = 0.0

DO 30 K = L,M
ELAM( T, J)=ELAM( T4 J)+TIMES(K)®A(],K,J)

WRITE OQUTPUT TAPE 2,26, 10U, lELAMIN,J)4yN=1,M) "
DU 41 [ = 1,M

WRITE QUTPUT TAPE 2,42,CTA(])

FORMAT (22H1LAMBDA(PS]I) FOR ETA = F6.3//)

DU 41 J = 1,kP
PLIT,J) = TAN"U
N 43 K = 1 ,M ) o

PLITyJ)=PLUL, ) +TIMIS(K)®R{T,K,J)
WRITE QUTPUT TAPE 2,44,ANG(J),PL(T,JT
FORMAT(IH F7.2,013.6)

CONT I NUE

WRITF QUTPUT TAPE 2,45

FORMAT(GHIFTAL9X,4HL3-C,y L1X,4HL3-S,11X,4HLA-C, 10 X,4HL4-S,11X,4HLD

DO S0 J = 1,M
DO 46 [ = 2,7

NNN = N2 + |
GClIN=F(J)eFLAMIJ,1+41)=G{J)®ELAM{J,NNN)
GSII)=F(J)®ELAM(J,NNN) +G(J)eELAM(J,T+1)

DO &7 K = 3,6
ELCIK)=CFe(ETA(J)aCCIK)+DEMUS(GSIK+LY-0GS(K=-1)
FLS{K)=CFo(FTA(J)eGSIK)+ILMU®(GC(K-1)-GC(K+]1)
WRITE UUTPUT TAPE 2,49,ETA(J), (ELCIL) ELS(L),
FORMAT(LHUF 6. 3,48F15.6)

CONTINUE

READ INPUT TAPE 4,54,AZFR0O,AON" ,BONE
FORMAT ( 3E8.3) T
DO 63 1 = 1,M

WRITE QUTPUT TAPE 2,56,ETALI)

1)
) )
L=3,46)

FORMAT(O6HLIETA =FEL.3/6HOPST, 11X, 4HLIT) y 12X aHL(G) 10X, 9HLIT)+LIG),

15X, 26HL(G+1 ) -HARMUNICS EXTRACTFD//)

C = tTa(l)ess?
CY=THETA'])e(C+E2M)-ETALl)eFEMUsADNC
C?2=z2.00EMUeTHETALT)CETA(])-ACNEs (C+1.50F2M)
C3=BUVE®(C+.5¢E2M)-EMUCAZERD*FT1A(])
C4=EMURONESETA( ] )~AZERD®E2M
CH=EMUSAONE®ETALT)-THETA[ L)l 2}

C6= 0.5%E2Me AUNF

C7= -0.9*E2MesBONE
Bl=ETA(1)eZ(1)+DFMUSELAM([,N2+1)
R2=ETA(I)ufLAMI],2)+DENMUELANMITN2+2)

B3=FTA(I)eCLAMIT,N2¢1)}+ENU*2(1)~-DEMUsZLAM{IL1,3)

Be=FTA(I)eCLAM(1,3)-DEYUS(ELAM(], N2+ )-ELAM(]
BS5=ETA(I)eSLAMI[,N242)+DEMUs(ELAM(],2)-ELAM(I
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58
63
64
56

68

D0 63 J = 1,kP
= CFe(ETA(I)+EMUSSI(J)) S o
ELCYE=-RePL(1,J)

1)
SUML=ELG+CLEYE
HEL=4+ELCYF+CFe(B1+4B22CO(J)+B3eST1(J)+B4eCT(J)+B5e«ST(J))
WRITFE QUTPUT TAPL 2,58, ANG(J),ELFYF ,ELGSUML (HEL
FORMATI(1IH F7.2,4C16.6)
CONT INUE
NGP = NGP - 1 ST Trrrrr
IFINGP) 66,66,52 _
T 8 e
IF(I1) 68,68,1
CALL EXIT
END(1,040424042404070,140,0,0,0,0

|
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SUBROQUTINLC CROUT(JJyMyA,yZ)
DIMENSION A(20,21),2(20)

JJ=-2
MN = M ¢]
D0 27 I = 1,M
NN = 1
DO 25 J = 1,MN
SUMA = 0.9V
IF(J-1) 2592999
9 IF (I-1) 19,19,12
12 DO 15 K = 14NN
SUMA = SUMA+A(T,K)®A(KyJ)
15 CONTINUF
17 A(l,J)=A(1,J)-SUMA
IF (i-J) 19,26,26
19 IF (A(I,I)) 23,21,23
21 JJ = &
cO 170 35
23 All,J) = A(LJ)/A(],1)
26 IF(I-1-NN) 25425424
24 NN = NN +1]
25 CONT INUE
27 CONTINUF
IN = M
ZUIN) = A(M,MN)
28 IN = IN -1
IF(IN-1) 35,29,29
29 SUMB = 0.0

KK = IN + 1]
DO 31 K = KKyM
SUMB = SUMB + Z(K)®A(IN,K)
31 CONTI NUE
Z(OIN) = A(CINysMN) - SUMB
GO TU 28
35 RETURN
END(L 399090909 Up0909041,40,940,0,0)
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LOAD COEFFICIENTS FOR ETA = .950, 859, .70, .6C0, .390,

" HARMONIC NO. 9 «32747E-01 .26967E-01 .24287F-01 .26822€-01 20601E-01

T HARMONIC NO. 1 .22231€6-)1 .21895€-01 «163656-01 -.1P054E-03 -.21749E-02

~ HARMON!C NO. 2 c4166NE-)2 -.44885E-02 -.144195-01 -.43768BF-02 -.,98755%-03

HARMONIC V0. 3 =-.13205€-91 =-,922756-02 -.38956E-02 =-.42504E-02 -.45973E-02

T HARMONIC NO. & -.88364T7(-32 =-.24B4B8E-03 -.24182E-02 elb £-02 =-.11272¢-93

HARMONIC NO. 5 .25496E-92 -.651056-03 =-.268475-02 .21982€-02 -.29281€-02

HARMONIC NO. o .25599E-02 .41512€E-03 .26852¢-02 " L10051E-02 "-.32817€-02

HARMONIC NO. 7 =-.22915€-)2 «12795€E-02 -.94535F-03 -.11379€-02 -.92176F-03
" HARMONIC NO. 8 =,22469E-03 <4B575€E-05 «164619E-02 "=.399%3RE-02 "-,20479€-32

HARMONIC NO. ¢33202€-22 -.69679€-04 -.151642€6-02" " =.43604E-03 -.14484FE-02

T HARMONIC NO.10 =-.37242€-02 .14563€-03 «38901E-05 -.1T7&6RE-C2 -.29227€-02
" HARMONIC NO.11 .16680E-02 -.18302€-03 -.66810£-03 " . 1088F-02 "-.4935¢E-0H2 ~°

HARMONIC NDO.12 =-.12904E-)3 -.22413C-02 ¢20340€-02 -.29061E-02 ~.26315€-03

T HARMONIC NO.13 -.94060E-03  L,21760€-02 -.2457CE-04 -.13821€-03 -.13191€-907

HARMONIC NO.14 «24553E-03 -.18430€-02 -.10530E-02  .54496E-D¢é -11778E-02

"TTHARMONIC nNO.15 «91562€-U4 ~-.20882E-02  .40499E-02 -.68198E-03 =,12945€-232

T HARMONIC NO.16 =-.13683€-22 «32438E-02 -.30041€-02 e14621E-02 -.49949E-03
HARMONIC NO.17 -~.1D0085€-32 314656-04 -,13381E-02 .41457°-03  ,B86297€-03 ¢
HARMONIC NO.18 «464TTE-23 -,.23984E-02 «22857€E-02 -.16059E-02 ~-.109C7€-02

HARMONIC NO.19 -.15741E-03  .221B8E-02 -.24689E-02 -.60196€E-05 .62770€-25
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LAMYDALPST)

NDe

T.50
15.00
22.50
30.90
37.5C
¢5.90
52.50
60.00
67.50
715.00
82.50
90.90

9'.50 -
105.920 -

I112.50
120.00
127.50
135.00
1642.50
1%0.00
157.50
165.00
172.50
180.00
187.50
195%.00
202.5)
220.900
237.50
22%.00
232.50
240.00
247.50
255.00
262.50
270.30
217.50
285.70
292.50
JUV.U0
307.590
31».J0
322.590
330.00
337.50
345.00
352.50
360.00

FIR FTA =

«373304E-01
«4123642€-01
«401294€£-0C1
e451301TE-01
«5T5C40C-01
«629770F-01
«6274356-01
6227575-01
«5810¢3E-C1
«511076E£-01
«39793%€-0C1
«324955E-vU1l
«350328E-01
«1J35605£-01
«121480€-07
«653595C-02
«992324E-02
«119370E-01
«135129F-01
«148359E-vl
«160976E-01
«17Y544E-C1
«190841E-01
«188912C-01
«175956E-01
«202024F-01
«297083E-91
«211029C-01
«213661E-01
«214681E-01
«213633E-01
«2J9663E-01
«27097JE-0]
«183917€-01
«151204E-01
«B829864JE~-02
«119347E-02
«439814E-01
«456505E-01
+549819E-01
«629653%E-01
«658873E-01
«6TT7T144E-01
«6185653£-01
«540768E-01
«439627E-0]
«4T76748€£-01
«454590E-01
«393006E-01
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LAMBDA(PST)

O.

7.50
15.00
22.50
30.00
37.50
45,00
52.50
60.00
67.50
75.920
82.50
90.00
97.50
105.00
112.50
120.900
127.50
135.00
142.50
150.30
157.50
165.00
172.50
180.00
187.50
195.00
202.50
210.00
217.50
225.00
232.50
240,00
247.50
255.00
262.50
270.00
2T7.50
285.00
29250
3J00.00
307.59
3J15.00
322.50
330.00
337.50
345.90
352.50
360.00

FOR FTA

«327020€-01
«366983E-01
«377216E-01
«354524£-01
«374273E-01
«4T76037E-01
«4B4284E-01
«537234E-01
«519439E-01
<465539€-01
«4299672€-01
«345839E-01
.280900E-01
«194914€E-01
«27109J0E-0C1
«340384E-01
«693205E-02?
«284TT7T1E-02
«923531€-03
«145817E-03
+207453E-02
c476284E-02
cT271524E-02
«874531E-02
«960222E-02
.100543E-01
.1N71577€-01
«991727€-02
«945993F-02
«9036T72€-02
«8562390€-02
«754002E-02
«534039€-02
«2V05T2E-02
.264T76E-02
«335883E-G1
«364823€E-01
.36231%€-01
«392416E-01
«489399E-01
«5N4342E-01
«496072E-01
+523208E-01
«5124T7T9E-01
«4569528E-01
L405146€-01
«379595€-01
.371673E-01
«327N20E-01
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LAMBDA(PST)

0.

7.50
15.00
22.50
30.00
37.50
45.00
52.50
60.u0
67.50
75.00
82.50
90.00
97.50
105.00
112.50
120.00
127.50
135.970
142.50

150.00 =
157030 -

165.00
172.50
180.00
187.50
195.00

202.50 -
210.00 =

217.50
225.00
232.50
264J.900
247.50
255.00
262.50
270.00
277.50
285.00
292.50
300.300
307.50
315.00
322.50
330.20
337.50
345.00
352.50
360.00

FUR EFA =

+1H2519E-71
«2J)1353E- .1
«219033E-01
«311311E-01
e395044E-01
«372450E-01
464060 ~-01
<4101 TTE-01
«413390F-01
«419334E-01
«433239E-01
« 3174 3E-01
«3346497E-01
«317480E-01
«210997€-01
.209885£-01
«207185€6-01
«240902E-01
«236199)E-01
«179721E-01
e940046€E-02
«155745E£-01
«966265E£-03
«250352E-02
«351395€-03
«220159E-02
«1750992€-02
«391148E-0?
«396602E-02
«305269E-02
«146388E-02
«T60257TE-07?
.180651E-01
«421307E-01
«369T715E-01
«333526E-01
«321327E-01
«338911€E-01
«h44184E-01
«454520€E-01
WH22217E-N1
«46T7704E-01
«498476E-01
«362136E-01
e263378C-01
«245093E-01
«239612E-01
£213221€E-01
.182515C-01
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LAMBDA(PSIT)

0.

7.20
15.00
22.50
30.00
37.50
45,00
52.50
60.00
67.50
75.00
82.50
90.00
97.50
105.00
112.50
120.00
127.50
135.00
142.50
150.00
157.50
165.00
172.50
180.00
187.50
195.00
202.50
210.00
217.50
225420
232.50
240.J0
247.50
255.00
262.50
270.00
2771.50
285.00
292.50
300.00
307.50
315.00
322.50
330.00
337.50
345.00
352.50
360.00

FOR CTA =

«1456T6E-01
«1842€6F-01
«233498E-01
«230004F-01
«207868€E-01
«187643€-C1
«155022E-01
«232511€-01
478714F-01
«423764E-01
«342303E-01
«334754E-01
«320067C-01
«241611E-01
«2716462E-01
«304692E-01
«273448C-01
«164054E-01
.117842£-01
«177455E-u1l
«220762€-01
«26171/C-01
«24781NE-VI
« 246358001
«251058E-01
«2A632TE-0"
«310334E-01
«311155€E-01
«286345E-01
«27T257E-N)
«280401E-01
.290208€E-C1
.285897¢€-C1
«2565G0E-01
«251185E-01
«259399t-01
«306452E-01
«349175€£-01
«362258E-01
«37166VE-01
.3R6104C-01
«2991490E-01
.230312€-01
«247650L-ul
«262160E-01
.27083/£-01
«2R8106TE-0
.211327¢€-01
e 145670C-01
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LAMBDA(PSI) FOR ETA = .30

0. .379364E-02

7.50 .357627E-02
15.00 .120355€-01
22.50 «220645E-01

~30.00 .238651€E-01
37.50 «225014E£-D1

52.50 .180028C-01
60.00 «203301E-01

67450 .196863E-01
75.00 .182966E-01
82.50 .18369TE-O!
_90.00 .212359€-01
97.50 .202705E-01
105.00 .2U1 186E-01
112.50 .187036E-01
120.00 .136833£-01
127.50 .449549E-07
135.00 .1559C9€-01
142.50 .231787F-0!
150.00 .250816E-01
157.50 .258778E-01
165.00 .273119€-01
172.50 .267728€-01
180.00 .2519649E-01
187.50 .25C856E-01
195,00 .234620E-01
202.50 .217737€-01
210.20 .216480E-91
217.50 .201478€-01
225.00 .206811E-D1
232.50 L2182 15F-01
240.00 .210326F-01
247,50 .226704C-01
255.00 .23148HE-01
262.50 .239732£-01
270.00 L247541E-01
277.50 .250558E-01
285 .90 .251764F-01
292.50 .250615€-01
300.00 .243169E-01
307.50 .261396C-01
315,00 .240643€-01
322.50 .2649R20C-01
330. 00 .272602€-01
337.50 .28090UE=-01
345,00 .139043€-01
352,50 L782729€-02
36400 .3793646-02

80



€T A V-C 13-3 La-€ {a-y TTIRIETTTTTTTTTTTIRITTT TR RAEG

<930 -.296174c 01 SLESJS3E 01 -.20%6%0E 01 -.1944800-01  .5)917€ 30 -.38740%F 00 -579229€ 00  -.|BeTI2€-0)
<830 -.19%46LF 01 -.411027€-01 L266635F-01_  .247T736E 00  -.)442)6F 00 -.322014€ 00 +T18943E-01  -.523317¢ 00
L7350  -.637917F 00 <271740€ 00 ~.%1461% 00 .111117F 00 -.870833f 00 -.200213 00 -627585€ 00 +357836€ 00
.800  -.79A435E 00 -.37314SE 00 L24H186E 00 -.237688€ 00 <JOTQ7T3E 00 -.5643967¢-01 S171891F 00 -.68%681¢-9)
2300 -.344403€ 00 SUI1836F 00  -.073433F-01 -.123604€ 00  -.166983F 00 -204816E 00  -.31428TF 00  -.6)8270¢-0}

81



ETA = .950
Psi L) L(G) LIL)+L(G) LIG#1)-HAKMONICS EXTRACTED
0. . =.126941E 02 .431043E 02 «304103F 02 _ «645536C 01
7.50 -.136846€ )2 <440923F 72 «I0GOTTE 02 T .591962¢ 01
15.20 -.136641€ 02 c44T652E 02 +310971C 02 .613929° 01
22.50 -.161035€ v2 .450750€ 02 «283715€ 02 T T TL363732f 01
30.00 -.205289€ 12 .449884F 02 «244595€ 02 -.112836E 01
37.50 =.229466€ V2 +444906€ 02 .215418F 02 -.415621F o1
45.00 -.232831F€ 02 .435862€ 02 .203032¢ 22 -.934689E 01
52.50 -e234747€ 02 .423027F 02 T.1882807 027" " =.s6611817 01
60,00  -.221887€ 02 .406869€ 02 «184982€ 02 -.657537€ 01
671.50 -.197195€ 02 «38R036F 22  .190851Z 02 "~ T-.548297¢ 01
15.00 -.154671C 02 «367318E 02 +212647E 02 -.269417E 01
82.50 = 1726R65€ 02 T .34553 7€ 02 .2187T19€ 02 - 137641° o1
90.00 -.136978F 02 .323748€ 02 .186T70€ 22 -.382556F 01
T797.50 .412299€ 01 «302668€ 02 T .363898BE 027 T T L.1264616E7° 02
105.00 +HT2172F 00 .?83125€ 02 «287847€ 02 «T76519€ 01
T112.5¢7 7 T-.2521172€ 01 2651597 32 7T T U2405422 A2 T T T T U088 01
120.00 -.378958€ 01 .251032€ 02 +213137€ 02 . 156645€ 01
127.50 —.449963E 01 .339217F 02 194220 02 . IB83378E€ 00
135.00 -.501439F 01 .230386€ 02 .180242€ 02 -.800460f 00
"142.50 -.542435¢ 0} «224434¢ 02 LIM0130c 232 T =L14BINE DY
150.00 -.574683€ 01 .221097€ 02, «163629E 02 -.190161E 71
1571.50 ~.598467€ 01 .220002¢ 02 L160118E7 027~ ~-.208%98¢ 01
165.00 -.615944€ 01 _+220701E 02 «159106E 02 -.207706E Ol
172.50 -.626954&E 01 L227T22€ 02 . 16002TE 02 -.191862€ o1
180.00 -.632939€ 01 225615€ 02 «162322€ 02 -.165457E 01
187.50 ~ -.634607E 01 <228982€ 02 L165821F 02 T T T=L132311E701°
195.00 -.632431€ 01 «232506F 02 .169263E 02 -.955410€ 00
"202.50  -.626710€ o1 .235970& 02 LIT3239€ 027 T T=.8574394¢ 00
210.00 -.617480€ 01 +239259€ 02 .177511€ 02 -.192549E 00
217.50 -.60455GE 01 «242359E 02 .181904F 02 . 188393€ 10
225.00 -«587313¢ 01 +245345E 02 .186613E 02  .579296E v0_
232.50°  -.564102€ 01 L248361E 02 - 191950£ 02 .100936€ 01
260.00 -.530743€ 01 .251607C 02 _+198528F 02 .153898€ 01
247,830 T T-.a4788u9E O1 77 .253313¢ 02 T .207462& 02 .22798%¢ 01
255.00 -.389074€ 01 .259722€ 02 «220815€ 02 «344017€ 01
° bt 9 . 02‘ 86 ° 5’!9“& o
270,00 -.304335€ 00 .2TI1STSE 02 ~  .268532E 02 .780207E O1_
T277.807 T T=.1124088 02 T .279409E N2 T " .167001E 02 ~.2%83708 0l
285.00 - 11T466E C2 .?288698F 02 «171232€ 02 -+.241299€ 01
"292.507 77 T-.143050¢€ 02 T 2995038 v2 T T <IB6433F 027 T T -lel6b62t 01
300.00 -.161017€ 02 .311806€ 02 .150789€ 02 -.%03761€ 01
307.50 = ITT27T1E 02 .325892€ 02 .148231F 02 ~.563343€ 01
315.00 -.186158€ 02 .340389€ 02 .154230€ 02 -.541542€ 01 _
322,507 T " =.1ri18% 02 3%6160€ 02 T L1819 027 T =.306965C 01
330.00 -.156288E 02 _+372409€E 02 = .216121€ L2 = -.131068E 00_
3300507 7 T-.145408€ 02 .388631F 02 .243223¢ 02 .205892€ 01t
345.00 -.145599€ 02 «404242E 02 +?58643E 02 .304686F 01
352.50 = IRZ2TIBE 07 .418800¢ 0¢ <2 T5803¢ 02 419144F 0l
360.00 -.126941LE 02 .431043€ 02 «304102€ 02 .A65536E J1

82



€

TA =

PSSl

0.
7.50
15.00
22.50
30.90
37.50
©5.00
$2.50
60.00
“67.50
75.00
82.%50
90.J0
971.50
105.00
112.50
120.920

T127.50

135,00
142.50
150.90
157.50
165.00
172.50
180.00
187.50
195.20
202.50
210.00
217.50
22%.00
232.50
240.00
2647.50
255.00
262.50
210.00
271.50
285.00
292.50
300.00
307.50
315.00
322.50
330.00
337.50
345,20
3572.50
360.00

«850

Len

«9450N86E
«109315€
«115654C
«L11643E
« 120R90E
«157281¢€
«163244E
«173956¢
«180708E
. 163788¢CL
«145409E

.100281€
«H94708F
«103265€
«119755€
«241159€

«311307€C

.670072E
«156341E€
«223059¢€
«260502E
«2T1504€
.281645€
~.215681F
-.260802E
-.241228E

-.223753€ 01

-« 20T164F
-« 177230€E
-.122886E

«991290¢E
-.78B5T1E
~.806259¢€
-.7585017¢
-.876333€
-.110690E
- 116U5&E

«4B1TTSE-

vl
22
02
g2
02
n?
02
02
02
2?2
02

<123263€ 02

22
J1
02
32
01

«916617€ 00

00
01
00
0l
o1
01
01
31
1
71
01

01
01
o1
00
00
0t
01
01
01
02
02

-.116603E 02
-.121231€ 02

-.126892€

02

-.1l6415¢€ 02
-« 106544E 02
-. 108450 02
~.T04115€ 02
~.945086f 01

LIG)

.374110¢
.386418¢C
« 37624047
.403081€C
«4065643F
.406398¢€
. 402574F
«395271€
. 384755
. 371540F
«35%6253€C
.3396i2F
«322371F
«305280F
.28897¢¢
. 274040F
.260883F
«2697152€
.240733€
«2337159¢
«228637E
. 225080F€
.22274EC
.221286€F
«220367€
«2196917F
.21908%€
«218404F
.217622E
.216788F
.216019¢C
«215489F
«215406E
«215999€
.217500¢
.220132€
e 224094F
«279554E
«236636F
. 24541 3E
.25%9390E
.26H4000€
L201592€
.296419E€
.312145€C
.3283)9¢
. 344437C
< 359906F
s3T6L10E

02

02
N2
O¢
02
02
Jd¢
02
02
02
0?2
0?2

02

02
02
0?2
02
02
9?
0¢
02
0?2
[V P4
02
02
0?2
02
02
02
02
0?2
02
0?
0¢
02
0?2
02
02

LET)eL(G)

L(G+1)-HARMONICS EXIRACFED

$2T9YA02T 02 .321050C V1
L277103€ 02 V226296F 01
.280590F 02 «206685E O1
«29139RZ 02 .284162F 91
.28%653E 07 £221199€ 01
+2649116E 02 -.[24888F D1
«239350F 02 -.180404F 01
221315 02 -.299152€ 21
.206040F 02 -.3955%35%F J1
J207752€ Q02 T-.213177F 01
216348€ )7 -.T47581F o0
«222090F 02 L117718€ 01
«235797¢ D2 3156138 31
.185728E 02 -.141674F 21
.1542R5¢ 02 -.6327192¢ 01
J23676TE 02 <396177F 01
«239)86F 02 WG14BL7F 01
«23762CF 02 «36360¢F 0)
W2332°°7 02 .282585F 01
«221936€ 02 .127610€ 01
20944 6E 02 -.373015F 0O
. 200442€ 07 -.160214F 01
1952360 02 -.2335%67C 01
«192612€6 02 -.265603C 01
L191533€ 02 -.264603C 01
JA91517E 2 -.234749F 01}
192324 02 -.179369C 01
193499 02 -.105372F 01
«194412E 02 -.226129C 0O
<199243E 02 «662801F 00
J197766E 02 .174128C 01
203117€ Q2 L.30719%C 01
W2111062€ 02 «462229F 01
223413 02 6407186 01
.141275¢ 0?2 -.137413C 01
.143466€ 07 -.916236F 00
.153703F 0 1403307 00
.149G03 02 -.515%%95 00
136722€ 02 -.234685F 01
.139835¢ 02 -.244433C 01
«151397€ 02 -.20UR1906F Ul
.160361E 02 ~.213525C 01
.169527C 02 -.228676E 01
.195725€ 02 -.809814%f 0C
W2217715F 02 .626485€ 0)
.235987. 02 «905344%F Q0
«255794€ G2 L1822876 701
.2719602€ 02 «327050f 01



135.00
“182.50
150.00
“157.50

165.00

.50
180.00
“187.50
19%.00
TT202.30
210.00

ten)

-.465412€ 21
-.531323€ 01
-.597C083€ 01
-.H74877€ 01
-.102608E v2
-.117293¢ 02
-.140649€ 02
-.135992f 02
-.129760€ 22
-.133214€ 02
-.1368932€ 07

-.123091€ 02

-.!OBOQZE 22
-.102363E 92
-« 6T6611E 91
Z.881063E Ol
-.650332€ 01
=.744262€ 01t
-.715852¢€ 01
2.591944¢ 01

«+271613E 91

L4378 18€ 01
-.263403€ 00
-.650818F 00
-.896056E-71
-.543343¢ 00
~.415665€E 00

«895641E 00

.876491€ 00

217.50
225.90
"232.50
240.00

287,50

255.00
2710.00
“211.830
285.00
"292.50
300.00
315.00
"322.30
330.900
337,30
34%.00

~.652068E 00
-.302990E€ 90
-.152881iF 01}
-.354276E 01
-.809853¢ ol
-.693934€ 01

-. 825835 01

-.600842€ 01
6451358 ol
.840916E€ 01
.873418F 01
.828010E I
L9452FE of
.103143E 02
LTT383FE 01
-.582065E J1
-.561299€ oi
-.568839E 01

- 3%2.50
360.00

-.524789E 01
-.465412E€ 01

L(G)

.312157F 0?
. 326656 02
.338694€ 0?2
.348355¢€ 02
.3552.4F 02
«358574€ 02
«359494F 02
.356802¢ 02
.351095F 02
.342123F 02
.3321710€ 02
.320004€ 02
.306850F 27
.2933146F 02
.279971F 02
«261295EF 92
.255651€ 22
.245270€ 92
.236248F 02
.228556E€ 02
.222064C 02
.216567€ 72
.211822E 02
.201580¢ 02
.203617€ 02
.1997%59€ 02
«195894€ 02
.191983F 02
.188061F 02
«184222F 02
.103613E 02
J1741 7€ 22
.174B40E 0z
. 173093 02
«172384F 02
+172910¢ 072
.174845€ 0?2
.178340¢ 02
.183511€ 02
- 190433%E 02
«199144F

.2666615"T T

-221T15€ 02
«235294F 02
+250072¢€ 02

.268687E 02

«2B1694E J2

LET)+L(G)

L206210F 02
.213523¢ 032
.218986€ 02
.2608867E 02
.2%2L06F 02
.2648581F 07
.218846F 92
.220810¢8 02
.221334€ 02
.209449C 02
.1932138F 02

<19692EE 02

.198758E 02
.190953E o2
.212310E 0?2
.200589F 02
.190618€ 0?2

.1 T0B&4F 02

«164663E 02
.1693160F 02
.249231¢€ 02
.260335¢ 02
«209188E 02

 .200974E 02

.202721€ 02
.194325¢ 07
«191737€ 02
.2009%0¢8 02
.196826E 02

.2N8173f 01
.192293F 01
.192080f 01

LIG#1I)-HARNKONICS TXTRACTLED

-.854B770-01"
- 1566150 OC

~.681708€f 00

-.290309¢ 01
- 174¢05c Ji
-.598190F OC
-.548331F 20
-.117215¢€ 01
.f70617t oc
.113486F 01
.890518f 00
.328811E 01
TL209866F D1

.825478€ v0
-.164289¢€ 01
-.290324F 01
~.314917¢ 01

4134181 91

.463130¢€ 0t
-.908185¢ 00

-.192160€ 01

-.105453F 01
-.209532¢ J1
-.165115¢€ 01

. 104919F 01

L1 77101€ 02
.177584€ 02
.162132E 02
.139412€ 02
«921273¢ Ol
<102391E

.116§TKF"67
.114757€ 02
.118768¢ 02
<994194E 01
.103088BE 02
.116343€ 02

.S11152€ 970
«195900¢ 01
.187288t ol
«972672€ 00
.255333F 01
-.566171F 00

.889985E 00
+164966€ 01
«160407€ 01
-+.346072€ 00
-.148253E 00
-.512315€ 00

.115572E 02
«118572¢8 02

-y e e e - e = e ae e e =

«224810F

-.195031€ J1
c+321982¢ 01

-.988328E 00
.642700E 00

«5715513E 00

. 291518%F 02 .243095¢ 02

.31215TE 02

«266216E 02

116150t 01
.208173€ 01



"ETA = .600

PS1 L(1) LIG) LIT)*L(G) LIG*I)-HARMONICS EXTZACTED
0. -.297178E 01 .218688€ 02 .1889706 02  .150739E 01
7.50 -.392258€ 01 «233400€ 02 «196417% 02 .890947:r 00
15.00 -.517430F D1 «247101€ 02 <195358E 02  .251247€-01
22.50 -+.929060F 021 «259281FE 02 .206375€ 02 .333529€ 00
30.00 -.694726E 01 « 259490 02 .220018E 02 «111288E 01
T 37.50 -.460469€ 01 L21T365E 92 .231318F 07 . TRo¥s3E of
45.00 -.390794E 21 .282659E 02 .243580E 02 .300077F 01
T %2.30 -+.5997S7T€ 01 .285260€ 02 L22528%E 702 T .12797s6C 01
60.00 -.125849€ 02 .285201€ 02 .159352€ 02 -.500050¢ 01
67.50 -.113070€ 02 .282647€ 02 1695778 02 -.3493219%¢ 61‘
75.00 -.923133€ 01 .277885€ 02 .185572€ 02 -.127256F
TTB2.50 -.908%583F 01 J211291F 62 .18043%F 07 -.107832¢ 51 T
90.00 -.870593E 01 . 263296€ 02 .17623RE 02 -.744821F 00
97.50 -.655777€ 01 .254349¢ 02 .188771F 02 .126616¢ 01
105.00 -.T745572€ 01 .244BT6E 02 .170319€ 02 .148582€ 00
112.50 -.812999%€ 01 «235251E 02 .153082¢F 02 -.814906° 0OC
126.00 -.718971€E 01 « 225110 02 .153873E 02 -.217458F 00
127.50 -.423174€ 01 .216636E€ 02 L7439 67 736233 o1
135.00 -.297061E 01 L2UTYSEE 02 .178252€ 0? .3231460F O}
142.50 -.435456€ 01 . 199759¢ 02 1562128 0c¢ “L145923E 01
150.00 -+525414E N1 191992€ 02 . 139450 02 .194%24F 00
157.50 -.602039€ 01 «164562€ 02 .1264361F 02 -.897830C 0u -~
165.00  -.549147€ 01 J177356F 02 .122441€ 02 -.044230E 00
T 172.50 -.524437E O1 .170264E 02  .117820€ 02 -.612258F 00 i
180.00 -.512159€ 01 .163200€ 07 .111984E 02 -.640609F 00
187.50 -.519669E€ 01 «156122E O/ 104158 02 ~-.803%24¢ 00
195.00 -.578463E 01 .149036F 02 .911892€ 01 -.142016F 01
T7202.50 -+.553786E 01 .141997E 02 .866185¢ 01 -.115217€ 01
210.00 -.486787€ 01 .135108€ 02 .R64295€ 01 -.422537€ 00
217.50 -.450831€ 01 .12B506F 02 .B834226€ 01 L2136647C-01
225.00 -.437192€ 01 .122349F 02 .786300¢ 01 .2%2ub4f OU
232.50 -.435463E 01 .116809E 0?2 «732¢26€E 01 .359095%F 00
240.00 -. 414865 O1 «112C54E 02 .705674€ 01 «636996F 00
247.50 -.362116E€ 01 .10824%F 02 .72033EE 01 .120770€ 01
255.00 -.347431E D1 .105531€ 02 .707880F 0} .136133€ 01
T 262.50 -.35%4280F of . 104044F D2 686162 01 125925 31 ‘_
270.00 -.416TT74E 01 «103904EF 0?2 «622266E 01 «560526F 00
271.50 -.476911€ 01 .10521 7€ 02 .575257¢ 01 -.152%0%€ 00
285.00 -.501065€ 21 .10807KE 02 .579695% 01 -.529407¢ 00
292.50 ~.526696E 01 .1125%3€ 02 .600889 01 ~ -.9193%28¢ 30
300.00 -.560277TE D1 .118719€ 02 .626916€ 0i -.143100F 01
T 307.50 -.448940F 01 .126581E 02 .81687¢€ 01 -«460536E 0J
315.00 -.359095E 21 136122 02 .100212€ 02 .32388B7F 00
322.50 ~.402690E 21 L 147260 07 .lubv91E 02 =.182412¢ 20
330.00 -.445638E 01 c159842F 0¢ <115278BE 02  -.6250648F 00
337.50 -.482029€ 01 «173634F 02 «125431E 02 -.9368211 20
345.00 -.523910€ 01 .188316E 02 .135925¢ 02 -.123032¢ 01
TT352.50 -.412350E J1 .203489F 02 162 .B4BRTTE- "“
360.00 -.?297178€ J1 .21868HE 02 .188919€ 02 +150739E 01

85



€ETA = ,300

PS1 Lin LIG) Lil)eL(G) L
. 9e -« 386951C 00 .585480€ 01  .546785€ 01 ___ .138397¢ 01
7.50 -.396522E 00 .692331E 01 .652679€ 01 .153280€F 01
__15.00 - 143944E 01 +802883E 01 -658939€ Ol _ -._:699?315_99.
22.50 =.282+T5€ 01 «9133164€ 01 .630340€ 61 - L.5R03778 00
30.00 ~.324565E 01 .101961E 02 69534 4€E -.850649€ 00
37.50 ~.322660F O1 .l1rT”"F“OZ“““"'Végfdﬁt‘or““'733373“? D0
45.00 ~«293965€E 01 «120461F 02 .910642€ 01 -.2708T8E 00
T82.507 T =,280749€ 01~ «127700€ 02 .996247€ 01 ~ -.203081¢€-01
_60.00  -.327091€ 01 ~ .133305¢ 02 .100596€ 02~ -.380216€ 00
67.50 ~.324477€ 01 <137169€ 02 TTL.104721€ 02 -.267006E€ 00
75.00 -.306802E 01 .139277¢ 02 .108597TF 02 -.207579€-01
82.50 - 311216E€ 01 S129€694€ 07 108572 07 ~.1376356-01
90.00  -.361ullE 01 .138550Ek 02 .102649€E 0?2 -.479387¢ 00
97.50 ~.343419€ 01 .136018F 02 .101676E 02 -.299070E 00
105.00 -.338361E 01 .132293€F 02 .984574E 01 -.244843€ 00
112.5%0 -.308280€ 01 L121571E 02 L367431€ 01 .323188E-01
120.00 -.220151€ 01 .122032€ 02 .100017€ 02 .872344€ 00
127.50 -.101063€ 00 L 115331F 02  .10882uf 02 L2314T9E 01
135.00 -.233994E 01 . 109097 02 .856977€ 0Ol «602251E 00
1842.50 " "-.332373€ 01 L101932F 02  .686952E U1 ~2463859E 00
150.00 -.341110€ 21 .944231€ 01 .603120€ 01 -.658254E 00
[51.50° -.331294€ 61 .B664T9E 01 .935185€ 01 Z.672394DE 00
165.00 -.326649E 01 «T86901E 01 .460252€ 0\ -.749371E 00
172.50 =.296846E O1 .70645TE 01 .409611E Ol -.582553F 00
190.00 -.256988€ 01 +626280€ 01 .369292€ 01 -.321713€ 00
187.50 -.233608E 01 .5476715€ 01 31640675 01 ~~ T=.230243F 09
195. oo -.198020€ 01 «4T2062E 01 .274042E 01 -.192805€-01
202.50 ~.165431€ 01 TL.400884€ 01 .235453F D1 - T .161253E OO
210.00 -<147211€ 01 «335481E 01 .188270€ 01 .199853F 00
217.50 -.122104€ 01 .2T6964E 01 .154860F 01 .311353€ 00
225.00 -.108271€E 0l «226113€ 01 .117842€ 01 .316482E 00
232.50 -.104857€ 01 .183308¢ 01 .184515¢ 00 ' .226093E 00
260.00 -.906720€ 00 .148524F 01 .578517F€ 0O .254378¢ 00
247,50 ~-.888140€ 00 .121378€ 01 .*25640€ 0U .172562¢ 00
255.00 -.840687E 00 «101245€ 01 L171764€ 00 .134840F 00
- - ] . 87T4059F GO .450249€-01 .184010€-01
270.00 -.B841641E 00 «792200E 00 -.4946404E-01 .1638000-01
2717.50° -.866473E 00 .762918E 00 -.103555%€ 00 ~-.379062£-01
285.00 -.914331€ 00 .786003E 00 -.128327€ 00 -.9636431E-01
292.50 -.981814F 00 «865711€ 00 -.116103¢ 00 -.149030€ 00
300.00 -.104831E 01 .101073F 01 -.375/57€-01 -.181294F 00
307.50 -.115995€ 01 «123336F 01} « 7134064E-01 = 231617C 00
315.00 -.129747€ 01 .154789F 01 +250426E 00 =.2939779° 00
322.50 -.151402€ 01 .196851F 01 454490F 00 -.6422100F 00
330.00 -.185369€E 21 .250679F 01 «653098F 0L - «65069HF 0
337.50  -.213421E 01 .316933E 01 .103512€ 01 -. 80468497 0C
345.00 -.117353€ 01 .395563F 01 .278211F 01 «2943937 00
352,50 -. 128910 00 L 485676E 01 T.412185€E 01 .BB8T1R6E 00
360.00 -.386351E 00 .585479€ 0] .546784E 01 1383977 01

86



